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Sir: 

The undersigned, F.L. Davison, states as follows: 

1. My name is F.L. Davison and I am competent to give this 
Declaration. I am over the age of twenty-one and have never been 
convicted of a felony. The following statements are of my own 
personal knowledge. 

2. I am a practicing electronic design engineer who is 
currently employed as the chief engineer at a contract engineering 
company. Over the past 2 5 years, I have been involved in every 
aspect of electronic product development including computer based 
and operated products, from the conceptual stages to final 
production. The fields in which these products reside include: oil 
field measurement while drilling products, aerospace radar 
positioning and navigation systems, geophysical marine seismic 
survey systems and jet engine test engineering. My own knowledge 
and experience includes the design and construction of process 
control and data acquisition systems for composite repair of navy 
aircraft, real-time control of microscope stage manipulators, real- 
time navigation and positioning systems, real-time petroleum well 
drilling and monitoring systems and real-time jet engine test 
systems, all using microprocessor or microcontrollers. I am well 
versed in microcomputer design and am fluent in several different 
programming languages and am well versed in process control. 

3 . I have read the document attached as Exhibit A to this 
Declaration. Each part of the invention is identified, namely, Spa 
Control Panel, System Interconnection Panel, Power Input and 
various sensors . The elements of each of these are further 
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identified as a microcontroller, EPROM , RAM, RTC with battery back- 
up, display, keyboard, analog to digital converter, TRIACs, 
optically isolated inputs, transient and surge protection, GFI , 
software, PID control, and alarms. The function of each of these 
are described. 

Despite numerous spelling and grammatical errors, the form and 
function of the invention is well described, and the system 
described in Exhibit A, could be constructed and the writing of the 
software could be done by anyone knowledgeable in the art without 
undue experimentation. As of May 27, 1987 adequate vendor component 
literature was available to construct a system from the description 
of the components provided. 

4 . I have read the document attached to this Declaration as 
Exhibit B. This document contains additions to the document of 
Exhibit A with most of the spelling and grammatical errors removed. 
The systems handling of abnormal operation is expanded. This 
document provides adequate information for anyone knowledgeable in 
the art to construct the system described in Exhibit B, and write 
the software without undue experimentation. 

5. I have read the Appeal Brief for Patent Application 
Serial No. 054,581 attached to this Declaration as Exhibit C. Valid 
arguments are made regarding the actual embodiment of the spa 
hardware controller and the software to control the spa. The 
functional items discussed in Exhibit C are available, and were 
available as of May 27, 1987, from a multitude of sources and the 
actual items selected will not substantially effect the final 
function of the spa controller described. The actual components 
selected will be driven by the personal preference of the 
constructor and the cost and availability of the components chosen. 

6 . I have read the document Examiners Answer For The Appeal 
For Patent Application attached to Serial No. 054,581 attached to 
this document as Exhibit D. The concentration of the examiner with 
limiting the constructor to one who is practiced in the art of spa 
control seems inappropriate since the process is basic and can be 
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easily learned by someone knowledgeable in the art of process 
control . 



Trademark Office by Michael Tompkins attached to this Declaration 
as Exhibit E. I understand the development process described and 
find it similar to the development process in which I have 
personally been involved. As of May 27, 1987, I was aware of all 
components, their application, and the technology described, in 
Exhibit E. I personally have been directly involved in the design 
of products and systems for control before this date of May 27, 
1987 utilizing the components described in Exhibit E, such as real 
time clocks, analog to digital converters, microprocessors and 
microcontrollers, and solid state switches such as TRIACS, and, I 
knew all these components and the supporting documentation to their 
usage to be readily available, as referenced in the Exhibits 
attached to Exhibit E . 

8. I have read the comments of Mr. David M. Ostfeld in the 
Appeal Brief attached to this Declaration as Exhibit C. The factual 
statements of what someone knowledgeable in the art would know that 
are contained in such Appeal Brief are correct. 

9. I hereby declare that all statements made herein of my own 
knowledge are true and that all statements on information and 
belief are believed to be true; and further that these statements 
were made with the knowledge that willful, false statements and the 
like so— made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful, false statements may jeopardize the validity of the above- 
referenced application or any patent issued thereon. 
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I have read the document Declaration to the Patent and 






CERTIFICATE OF MAILING ^ 

I hereby certify that the attached communication^Js iieing 
osited in the United States mail as Express Mail Next Day 
ervice, No. AiZ O^L> *5o1 73>^ in an envelope addressed to 

Commissioner of Patents, and Trademarks, Washington, D^. 20231, on 

Pf.fr. 2$ j /qq3 date from, Houston, Texas lay ^CU/TA^cJ IJ - AJUUA^ . 

In the event that such communication is not timely filed in 
the United States Patent and Trademark Office, it is requested that 
this paper be treated as a petition and that the: 

X delay in prosecution be held unavoidable — 35 U . S . C . 13 3. 

X delay payment of the fee be accepted - 3 5 U.S.C. 151. 

The petition fee required is authorized to be charged to 
Deposit Account No . 15-0697 in the name of David Ostfeld, P.C. 

The undersigned declare further that all statements made 
herein are true, based upon the best available information; and 
further, that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent issuing 
thereon . 

Date David M. Ostfeld, Reg. No. 27,827 

And Date (Signature of person mailing, if other 

than the above) 
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SPA CONTROL SYSTEM 



This application is a continuation-in-part of U.S. Patent 



Application Serial No. 054,581, filed May 27, 1987. 



FIELD OF THE INVENTION 



This invention relates to the development of a spa control 
system. More particularly, this invention relates to a spa 
control system which uses an interconnection panel and a control 
panel to effectively control various operating functions of the 
spa . 



The design of systems to control spas is complicated by the 
environment of the spa. Typically, spa control systems contain 
heating elements, controls, switches, and wiring harnesses which 
deteriorate when exposed to moisture or extreme levels of humid- 
ity and a hostile chemical environment. Since the chemically 
treated, heated water of the spa raises the humidity level and 
produces corrosive gases, the atmosphere surrounding the controls 
of the spa unit is inherently corrosive to spa control systems. 

The accuracy of the temperature of the spa water is essen- 
tial to the safety and comfort of the spa user. This temperature 
is difficult to accurately control, since the temperature of the 
water can vary rapidly depend .ng on the number of spa users, the 
ambient temperature of the air, and other environmental factors. 
To conserve energy, the spa temperature is customarily raised to 
the desired level shortly before the expected use of the spa, and 
is not maintained at a constant temperature when the spa is 
unattended. Depending on the use of the spa, the temperature of 
the spa water may be cycled several times per day. During these 
cycles, the control of the water temperature is difficult to 
maintain without overheating or underheating the water. Typic- 
ally, a spa control system merely heats the water with a heating 
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element until the temperature of the water matches a predetermin- 
ed setting selected by the spa user. Since the heating element 
is not turned off until that desired water temperature is 
reached, the residual heat in the heating element may increase 
the temperature of the water beyond the actual temperature 
desired. Conversely, the location of the temperature sensor may 
be located in the spa in such a fashion that it does not sense 
the actual, median water temperature. Accordingly, the heating 
element may be turned off before the temperature of the water 
reaches the desired level. 

Present spa controllers operate on line voltages which can 
present a safety hazard to the spa users. To meet desired safety 
specifications, these controls are typically located away from 
the spa, however, this sepa:. ution is inconvenient to the spa 
user . 

SUMMARY OF THE INVENTION 
The present invention overcomes the foregoing difficulties 
by providing a spa control system which accurately and efficient- 
ly controls the operation of the spa and is not adversely 
affected by the corrosive environment surrounding the spa. The 
spa temperature control system generally comprises a heating 
element, a sensor for detecting the temperature of the water, and 
a microcomputer for processing signals generated by said sensor 
and for activating and deactivating the heating element. In one 
embodiment of the invention, che microcomputer assesses the time 
necessary to heat water from an initial temperature to a selected 
temperature. From this information, the heating rate of the 
water can be calculated. The heating rate can be stored by the 
microcomputer and can be used to determine the start time necess- 
ary to heat the spa water from an initial temperature to a 
selected temperature by a desired time. In the same or another 
embodiment of the invention, the temperature difference between 
two sensors in the spa system can be monitored to detect problems 
in the system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIGURE 1 illustrates a schematic block drawing of the spa 
control system. 

FIGURE 2 illustrates a block diagram of the microcomputer 
and. its associated components. 

FIGURE 3 illustrates a block diagram of the spa control 
system field innerconnection panel . 

FIGURE 4 illustrates a functional block diagram of the 
software which operates the spa control system through the 
microcomputer. 

FIGURE 5 illustrates one embodiment of a display panel for 
the operation of the spa control system. 

FIGURE 6 illustrates the overall software control of the spa 
control system. 

FIGURES 7-13 illustrate flowcharts of various software 
functions of the spa control system. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Figures 1 and 2 illustrate a block diagram of the overall 
spa control system. The spa control system uses an intelligent 
microcomputer 10 to monitor and control the operation of the spa 
(not shown). The system uses solid state electronic components 
which eliminate many of the problems associated with traditional 
mechanical timer and relay control systems. The use of solid 
state electronic components increases the reliability of the 
system and reduces the maintenance necessary to maintain the spa 
in operable condition. 

Referring to Figure 1. the external system generally 
comprises a spa control panel 12 which is connected to a system 
innerconnection panel 14. The system innerconnection panel 14 is 
also connected to power input 16, to various sensors which detect 
parameters at such a flow rate 18, temperature 20, and pH of the 
water 22, and also the mechanical and electrical components of 
the spa, such as the pump 24, heater 26, blower 28, and lights 
30. The heater 26 may be interlocked to the pump 24 so that the 
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pump 24 is continuously pumping water over the heating element 
(not shown) of the heater 26 while the heater 26 is activated. 
This prevents a "hot spot" from developing in the spa system 
which could damage the components of the spa or give erroneous 
measurements. 

The system is a microcomouter-based system. In addition to 
the microcomputer 10, the system utilizes several other devices. 
While the control program runs on the microcomputer 10 , it is 
directly responsible for the management of the system hardware. 
The following description briefly summarizes the major devices: 

NOVRAM 32 This i .-s a nonvolatile RAM device that is 

used to store the system calibration 
values as well as providing RAM 
expansion for the microcomputer 10. An 
EEROM image of the current image is 
stored when the powerfail interrupt is 
poste 1 to the microcomputer 10 and 
restored when the microcomputer 10 
powers up . 

RTC 34 This is a realtime clock device that 

provides a clock value. It is the 
timebase for events that are scheduled 
by time of day as well as a timer for 
events that are measured in seconds. 

A/D 36 This is an analog to digital converter 

that converts voltage inputs after 
signa .. conditioning 37 to digital 
numeric representations. It provides 
three values: spa temperature , heater 
temperature (both labelled 20) and pH 
value 22 . 
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DISPLAY DRIVER 



This device accepts a bitstream 39 from 



or INTERFACE 38 



the microcomputer and drives the display 



40 for the spa control panel 12 . A bit 
is input for each segment on the 
di splay . 

Figure 2 illustrates a block diagram of the spa control 
system and its associated components. The electronics in the spa 
control system are designed to handle temperature extremes of 
minus twenty to plus seventy degrees Centigrade. The technology 
used in this design of interface components is Complementary 
Metal Oxide Semiconductors (CMOS) which is low in power 
consumption and high in reliability. The microcomputer 10 is 
typically an 8-bit control device with an 8-bit data bus 42. Its 
function is to execute instructions, control processes, make 
logical decisions and compute values. The microcomputer 10 
operates at a clock speed of typically two megahertz and can make 
thousands of calculations per second. The microcomputer 10 reads 
instructions from the memory, such as EPROM 44 and then executes 
the appropriate actions. 

The Eraseable Programmable Read Only Memory (EPROM) 44 
stores the instructions for the microcomputer 10 to execute. 
Once a program is created the final software is loaded into the 
EPROM 44. The EPROM 44 can be modified to add new features, or 
additional EPROMs (not shown) can be connected to manage differ- 
ent functions and applications. The Random Access Memory (RAM) 
32 is a memory device which stores temporary information while 
the information is being processed by the microcomputer 10. The 
RAM 32 only reads and writes data, and can hold data for future 
reference even after the main power 16 is turned off. The RAM 32 
stores data such as the numk r of hours on the heater 26, the 
number of times that the temperature of the spa exceeds the 
pre-selected temperature, and other information. 

The Real Time Clock ( RTC ) 34 shows the proper time of day 
which is calculated after the time and date are initially set. 
The microcomputer uses this information to schedule events 
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concerning the operation of the spa, such as when the spa is 
turned on, when the water is circulated, and other events. The 
RTC 34 is backed with a battery or similar device (not shown) so 
that it maintains the accurate time when the main power supply is 
turned off . 

The display interface 38 is responsible for driving and 
updating the display device 4-C . When the microcomputer 10 sends 
information to this block i^: is decoded and displayed on the 
screen 46 . 

The display screen 46 is typically a vacuum-fluorescent type 
which has a blue-green color. The display contains four seven- 
segment characters, and colon. The Display Interface 38 
represents circuitry which drives and updates the display device. 
Information from the microcomputer 10 is decoded and displayed on 
the screen 46 by the means of the interface 38. The data remains 
on the screen 46 until the microcomputer 10 sends a new message 
or the system is reset or powered off. 

The keyboard 48 (Figs. 1 and 6) shown is a flat panel 
membrane style which is incorporated into the front panel. One 
type of keyboard 48 has ten ; ash-buttons 50 and nine translucent 
cut-outs for backlighting of Light Emitting Diodes (LEDS) 52. 
The keyboard 50 is mounted on bezel 54 to provide a firm surface 
when depressing the buttons 50. The keyboard interface 56 
provides circuitry which transmits information from the keyboard 
48 to the microcomputer 10. The keyboard interface 56 acts as an 
array of on/off switches that correspond to each keypad. The 
microcomputer 10 scans these switches as on/off, switch type 
input bi ts . 

The Digital Outputs 58 drive the external spa devices, such 
as the blower 24, heater 26, pump 28 and other auxiliary devices. 
The low voltage signals are optically isolated 60 and then drive 
a TRIAC device 62 which provides the high voltage and high 
current required by the external devices. 
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As previously set. forth, -the system inner connect ion panel 14 
connects the components of the spa control system. Referring to 
Figure 3, the power 16 to the system innerconnection panel 14 is 
supplied through usual power supply. The Ground Fault Current 
Interrupter (GFCI) 64 provides protection to the system inner- 
connection panel 14 if an imbalance of current flow occurs 
through the Door Interlock between the Input and the Output of 
the GFCI . The GFCI 64 prevents voltage and current from entering 
■the system after the device has been triggered- After the power 
has passed through the GFCI 64, the Power Supply 66 converts the 
HO or 220 Volt AC into the lov voltage and low power required by 
some components of the system. The power supply 66 also contains 
the backup battery or other device (not separately shown) used to 
provide power to the RTC 34 when the main power is turned off. 

The Opto- I solators 60 receive signals from the spa control 
panel 12 which designate the operation of the proper output 
device. The Opto- I solators 60 isolate the low voltage and 
current control system from the high voltage and high current of 
the main power supply 16. These devices in conjunction with 
Triacs 62 also provide synchronization with the zero volts 
crossing of the AC power 16 to switch devices on/off when power 
is minimal to avoid stressing devices. Connected to the 
Opto- 1 solators 60 are the Ti iacs 62, which are solid state 
devices used to drive high voltage and high current output 
devices with alternating current. Triacs 62 function as relays, 
except that Triacs 62 are electronic devices that do not contain 
any moving parts. Typically, the Triac 62 to a heating element 
may be rated at forty amps maximum current, and the Triacs 62 to 
other output devices might typically be rated at twenty-five 
amps. Connected to the Triacs 62 i s a field connection board 70 
which mechanically permits the connection and disconnection of 
field devices such as a pump motor 24, blower motor 28, heater 
core 26, or a spa light 72. 

The output devices are connected to the field connection 
board 70 by connectors 71. 
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The Analog Input section 36 converts information from 
various sensors 20, 22 into digital information so that the data 
can be read by the microcomputer 10. The converter 36 translates 
the analog information into digital information through, for 
example, dual slope integration which permits fast and accurate 
conversion- The accuracy of the A-D section 36 typically is 8 
bits or a resolution of 1 out of 256. The signals from external 
probes and sensors 20, 22 are conditioned by amplifying, filter- 
ing, or conditioning the signals 37 so that the A-D converter 36 
can make an accurate conversi. i. The Signal Conditioning section 
37 also receives the small ? ignals from external probes 20, 22 
and amplifies it to a level where the A-D converter 36 can make 
an accurate conversion. This section 37 also provides transient 
and surge protection to reduce normal and common mode rejection 
noi se . 

Figure 4 illustrates a functional block diagram of the 
software which operates the microcomputer 10. The final software 
code is encrypted on the EPROM 44 for operating the microcomputer 
10. The main program 80 schedules the operation of all other 
subprograms and performs general housekeeping chores, such as 
memory management, timer cor. Urol, interrupt handling and the 
scheduling of tasks. 

The keyboard monitor ro\ cine 82 scans the keyboard and is 
triggered by the operation of any key. The key signal from the 
digital input is then decoded, and the main program 80 is 
triggered to initiate a series of programmed events. The program 
ignores multiple key depressions and erroneous entries and 
operates only upon the signal generated from a proper key entry. 
The display control program 84 converts data from the EPROM 44 to 
readable messages which can be shown on the display 46. The 
display control 84 handles the timing of the signals so that the 
display 46 performs in an efficient and proper manner. The alarm 
control 86 monitors the proper operation of the entire spa 
system. If the system malfunctions or otherwise operates incor- 
rectly as measured by the input signals or data inferred from the 
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input signals, 



the alarm will signal the malfunction to the panel 



12. Examples of malfunctions in the system that might occur are 
the malfunction of the heater 26 and whether the pH 22 levels are 
within an acceptable range. In the event of a malfunction, a 
signal will be sent to the display controller 84 to display the 
alert signal and to alert the spa user of the malfunction. 

The Analog Conversion Program 88 manipulates the converter 
circuitry 36 to read and convert analog input signals from 
sensors to digital information. This program also converts the 
digital information to engineering units for the purposes of 
display and comparison. 

The RTC control program 90 controls all interaction with the 
Real Time Clock 34. The prog -am is responsible for loading data 
for future events . 

The PID Control 92 constructions stands for proportional, 
integral and derivative control. This program 92 performs the 
closed loop control of temperature using the temperature input 
20 as its variable to be controlled and the heating elements 26 
and the output to maintain control. The program 92 monitors the 
temperature 20 of the water and determines when the heater 2 6 
should be engaged. The program issues a command which activates 
the heater 26, and then monitors the temperature 20 to determine 
when the heater 26 should be turned off. The program is unique 
in that it also monitors the rate of decrease and the rate of 
increase of the water tempei ture so that the final temperature 
of the water is not higher or lower than the selected 
temperature beyond the control supplied by *derivative control . 
The spa control system can achieve an accuracy of plus or minus 
one degree Fahrenheit with the heating and monitoring elements. 

The output control program 94 issues commands to the output 
components to turn on the Triacs 62 for control of the pump 24, 
heater 26, blower 28, lights 30 and other components. The input 
scanning program 96 monitors devices such as push buttons and 
switches. The pH algorithm 98 converts raw digital data received 
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from -the A-D converter 36 on the pH input 22 and converts this 
data to standard pH units of measure. 

Figure 5 provides an overview of the program organization. 
Three events are handled by ;.ie system. Reset occurs when the 
system is powered up. It performs system initialization, enables 
the other events, and then calls the main program. The timer 
interrupt occurs periodically and inputs that require periodic 
polling are scanned. The power fail interrupt occurs when system 
power is failing. The primary purpose of this handler is to save 
the current system operating parameters within the time remaining 
before power fails completely. The function of certain 
subroutines in one embodiment of the system are described in 
detail below. 

The system initialization routine is invoked by powerup 
reset. This routine is responsible for initialization of all 
devices and data structures. Tie tasks it performs are: 

* Clear all RAM 

* Turn off all control outputs 

* Digital I/O initialization 

* Restore NOVRAM image (to restore previous system 
configuration) 

* Clear display 

* Initialize the RTC . It the time was lost, it is reset 
to 12:00 midnight 

* Initialize keyboard scanner 

* Test the NOVRAM image for validity. If the image is 
invalid, create fallL -ck image and post warning 

* Test EPROM (program space) memory 

* Display 110/220 volt setting 

* Perform RTC update test (takes a couple seconds) 

* Enable timer and powerfail interrupts 

* Jump to main program 

The timer interrupt handler responds to the periodic timer 
interrupts. It scans I/O devices that require constant scanning 
for system operation and provides a higher frequency timer base 



■than the one second resolution provided by the real time clock. 
The operations this handler executes are: 

* Save interrupted program' s context 

* Update high speed clock value for synchronization with 
main program 

* Scan keyboard 

* Poll real time clock and if seconds have changed, 
provide one second timer update 

* Read in one analog channel. Provide raw input 
correction and calculate engineering units (temperature 
values are curve-fitted, and pH values are temperature 
corrected ) 

* Restore interrupted program 1 s context 

* Return to the interrupted program 

The powerfail interrupt is furnished by a level-monitoring 
circuit which monitors power loss on system input power. When a 
decline is detected, an interrupt is posted to the microcomputer. 
The powerfail handler is invoked when this interrupt is posted. 
It is responsible for saving the current system configuration and 
for shutting the system down in an orderly fashion. The tasks it 
performs are: 

* Mask all interrupts 

* Save system configuration (this includes operating 
parameters as well as user settings) 

* Turn off all spa controls 

* Display "Fail" 

* Monitor powerfail interrupt for power restoration 
(brown out). If ppwerfail is cleared and remains 
cleared for approxi; ntely one second, the poWerup reset 
handler is called. 

The main program performs the bulk of the operations 
performed by the system controller. It synchronizes with the 
timer interrupt so that a reasonably constant time base is used. 
A state machine is maintained to determine how keyboard inputs 
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are to be interpreted and what is to be displayed. The 
following tasks are performed by the main program: 

* On initial (powerup) entry, pause to allow timer 
interrupt handler time to build valid input values 

* Synchronize with timer interrupt. While waiting for 
timer, drive buzzer output. 

* Update " the general timer used by state handlers for 
timeouts 

* Run flasher manager 

* Get current keyboard inputs 

* If any keyboard inputs are available, post buzzer 
output request and reset the "system unattended" timer 

* Handle keyboard inputs for maintenance mode entry/exit 

* Call control manager keyboard input handler 

* Call current state manager's keyboard handler routine 

* Handle remaining function keyboard inputs to drive 
state changes 

* Go to current state* s display handler 

* Call control manager to drive system controls 

* Go back to the timer ynchroni z ation step (step 2) 
Operator settings can be controlled by keys on the system 

keypad which are used to select modes that allow the operator to 
change settings that control system operations. These are 
grouped at the right side of the keypad. They are: 

* Spa temperature 

* Spa ready 

* Filter maintenance 

* Time of day 

* Scheduled heating 

All of these functions adhere to a consistent operator 
interface scheme. When the function key is pressed, the LED next 
to the key is lit. The LED remains lit until all steps have been 
completed or another function has been selected. While setting a 
value, the value is displayed on the screen and is flashed. The 
arrow keys are used to change the displayed value and the 
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function key is pressed to proceed to the next step in the 
setting. While changes are being made, the display stops 
flashing to avoid changes occurring while the display is in the 
off state. Once changes have stopped, the display resumes 
flashing. Changes are honored as they are made and the operator 
can change one step of a function without affecting the remaining 
steps. The current setting can be reviewed by pressing the 
appropriate function key repeatably. When a function that has 
been defined by the operator is currently being executed, the LED 
next to the corresponding butto: blinks. 

The spa temperature key is used to define the temperature 
setpoint. This function has only one step that allows the 
setpoint to be changed. Pressing the set temperature key again 
exits the mode. 

The spa ready key is used to define when the spa is to be 
at a particular temperature. The following example would cause 
the system to bring the spa temperature to 102 degrees at 6:30 
p.m. 

Example 

* Set the hour of the ready time 06: P 

* Set the minute of the ready time 06:30 

* Set the temperature t j be achieved 102 

* Enable/disable this function On 

The filter maintenance key is used to define an interval 
during which the low speed pump is to be run to filter the spa 
water. It has the following steps: 

* Set the hour of the start time 

* Set the minute of the start time 

* Set the duration of the interval. This value changes 
in increments of ten minutes and can be set from zero 
to eight hours. 

The time of day is set in two steps. First the hour is set, 
then the minute. Hours are displayed with an "A" or "P" for am 
and pm indication. 
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This scheduled heating 1 unction allows the user to define 
the hysteresis that is to he used when the spa is unattended. It 
also allows a "start time" to be defined. The spa will begin 
heating whenever the temperature drops below the low temperature 
setting or the time matches the start time. With an appropriate 
temperature envelope, this will allow the spa to heat once a day 
while unattended'. The following steps are used to define this 
function : 

* Set the hour of the start time 

* Set the minute of the start time 

* Set the high limit of' the temperature envelope 

* Set the low limit of ^ he temperature envelope 

* Enable/disable this ...mction 

The idle mode is used when none of the operator setting 
functions are active. At this time, the display scrolls through 
a sequence of displays that display the systems current state. 
The time, temperature, pH and error indications may be cycled 
continuously. 

Concerning operator controls, some of the systems control 
outputs are directly controlled by the operator through alternate 
action inputs on the keypad. These are the light, jet and turbo 
keys. The control, manager's keyboard handler accepts these 
keyboard inputs and changes the current output values. These 
changes are then reflected ovx. the LEDs next to the keys. The 
LEDs are lit when the corresponding control is on. 

Maintenance mode is a special state that is reached by 
turning the maintenance switch to its "on" position. When the 
maintenance mode is active, all controls are turned off and the 
functions of the keys are redefined. When none of the keys are 
active, "test" is displayed. When each key is pressed, its 
corresponding LED is lit and a value is displayed. The arrow 
keys alternately light all LEDs and display segments and then 
turn all LEDs and segments off. The following is a map of the 
keys and the values displayed in maintenance mode: 



I 14 " 



SCHEDULED HEAT 
SPA READY 
FILTER 
TIME 

TEMPERATURE 

JET 

TURBO 



pH input 

spa temperature input 
heater temperature input 
overtemp time accumulator 
heater run accumulator 
pump run accumulator 
turbo run accumulator 
Accumulated time values are displayed in thousands of hours. A 
decimal point is placed to autorange the displayed value. 

System calibrations are accessed by pressing the light key 
while in maintenance mode. When the light key is pressed, a 
series of options are displayed. To select a step, or continue 
it, an arrow key is pressed. To get the next selection or return 
to the "test" display, the light key is pressed. The options 
available are: 

CALO Calibrate analog channel O (spa temperature) . 

This is a two point (32 and 104 degree) 

calibration for offset and gain correction. 
CAL1 Calibrate analog channel 1 (heater temperature). 

This is identical to CALO. 
CAL2 Calibrate analog channel 2 ( pH input). This is a 

one point (O. volts) calibration for offset 

correction . 
CPU Display cpu RAM contents, 

nov Di splay NOVRAM contents . 

rvx . y The software revision is "x.y" 

The following describes the modules that make up the system 
controller and further describes the algorithms they contain: 

The module anlgin- routine anlgin routine controls the input 
of a specified analog input channel. The operations it performs 



* output channel number. 

* read input value 

The module BCDNEG routine is called to negate a BCD value. 
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The module BINBCD routine is called to convert a binary 
value to a BCD value. 

The buzzkey routine is called to determine if the key 
closure should result in the buzzer beeping. "Positive" key 
values result in the buzzer flag being set for "buzzer" . 

The buzzer routine is called to drive the buzzer if a key 
was pressed. The buzzer interval is decremented until it is zero 
and the buzzer stops. 

The buzzoff routine is called to cancel the keyboard buzzer 
output in special cases when the state handler wishes to block 
certain keys from being acknowl iged. 

The KBCALO routine is ca.'led to handle keyboard inputs while 
displaying "CALO". It allows the user to move on to CAL1 or to 
select to calibrate analog channel 0. 

The KBCAL1 routine is called to handle keyboard inputs while 
displaying "CAL1" . It allows the user to move on to CAL2 or to 
select to calibrate analog channel 1. 

The DSPCALO, DSPCAL1, DSPCPH routines display the "CALn" 
message . 

The KBCLOW routine handles keyboard inputs while scanning 
the low (32 degree) value during calibration or channels O and 1. 
The user can select to abort or continue. If the choice is to 
continue and the raw input ve ' ue is in the range 1. .31, then the 
value is accepted and calibration continues to the high step. 
Otherwise, the low error state is entered. 

The DSPCLOW routine is called to display the raw value while 
waiting for the low (32 degree) input value. It builds a display 
of the form "Ln:xx" where n is O or 1 and xx is the raw input 
value . 

The KBCLERR routine is called when the calibration is in the 
low error state. It allows the user to choose to abort or retry 
the input of the calibration value. 

The DSPCLERR routine is called to display the low 
calibration error message of thi form "Lx :Er" where x is 0 or 1. 
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The KBCHI routine is called to handle keyboard inputs while 
the temperature calibration : s in the high ( 104 degree) input 



setting. If the current setting is in the range 163.. 195, the 
value is accepted. In conjunction with the previously obtained 
low value, a pair of values, m and b, are calculated such that 
with raw value r", m*r+b will result in a corrected value at the 
two calibration points. These two values are stored in NOVRAM 
and used from this point onward in temperature calculations for 
this channel. The system then proceeds to the "done" state. If 
the input value is not in the correct range, the system proceeds 
to the high error state. 

The DSPCHI routine is called to display the raw input while 
in the high ( 104 degree) calibration step. It builds a message 
of the form "Hn.-xx: where n is 0 or 1 and xx is the raw value. 

The KBCHERR routine is called when the calibration is in the 
high error state. It handles the keyboard input and allows the 
user to abort the sequence or return to the high value input 
state . 

The DSPCHERR routine is called to display the message 
"Hn:Er" when the high calibration step is in error. "n" is 
either O or 1 . 

The KBCDONE routine is called to handle keyboard inputs when 
the calibration is complete. It allows the user to return to the 
idle maintenance mode state. T,t acts to hold the "done" message 
until the user acknowledges it. 

The DSPCDONE routine is called when the calibration has 
reached a successful conclusion. It displays the message "done". 

GETRAW is a routine local to the calibration module to fetch 
the appropriate raw input from the raw input table. 

The KBCPH routine is called when "CAL2" is displayed. It 
allows the user to choose to move to the next item in th "light" 
menu or to calibrate the pH input. 

The KBCPHI routine is called to handle keyboard inputs when 
calibrating the pH input. It allows the user to abort the 



state . 



It allows, the user to abort or accept the current 
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operation, or to accept the current input. If the current input 
has an error of less than 32, the offset is stored and the 



the system goes into the pH error state. 

The DSPCPI routine is called to display the current raw pH 
input during pH calibration. It forms a message of the form 
"PH:xx" where xx is the current raw input. 

The KBCPHE routine is called to handle keyboard inputs when 
the pH calibration value has too large an error. It allows the 
user to abort the operation or -co retry the calibration. 

The DSPCPE routine is c ailed to display the error message 
"PH : Er : when the calibration value has too large of an error. 

The module control- routine CTLPOLL routine is called by the 
main program to perform the actual output controls. The 
following tasks are performed: 

Set Ready - if the set ready function is enabled, this 
section decides if the set ready function is to perform any 
actions. If the current time matches the ready time, the set 
ready temperature is copied to the spa temperature setpoint, the 
spa is marked "attended" and the set ready function is disabled 
to prevent further actions. 

For the Set Ready, as;, well as for Normal Temperature 
Control discussed infra, thi_ time required to get from the 
current temperature to the desired temperature is calculated and 
with a fifteen minute hysteresis, the decision is made whether to 
turn the function on, or to turn it off. If .the function is to 
be on, a request is posted to the heater to run. 

System Attended - system attendance is checked and if the 
system is unattended, the high speed jet and the turbo controls 
are turned off. The system is marked attended if a key has been 
pressed within the last 30 minutes. 

Scheduled Heating - if the scheduled heating function is 
enabled, this section decides if this feature should perform any 
actions. If the system is attended, control is passed to the 



calibration goes to the "done 



state . 



If the error is too large, 
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next section, normal setpoint. control. If the function is off, 
the temperature is compared to the low setting and the time is 
compared to the time setting. If appropriate, the function is 
requested, but control is still passed to the "on" section to 
allow it to override the time startup. If the function is on, 
the temperature is compared to the high setting and turned off if 
the setting has been reached. The next section, normal setpoint 
control, is then skipped. 

Normal Temperature Control - this function is executed if 
the system is attended or if the scheduled heating function is 
not enabled. It compares the current temperature to the 
temperature setpoint to see i f the heater should be given a 
request to be on or off from thi • function. 

Heater/Pump Interlocks - this section handles pump/heater 
interlocks. It requires that the pump runs fifteen seconds 
before the heater actually runs. It also guarantees that the 
pump runs sixty seconds after the heater is turned off. It also 
interposes at the delay lockout to prevent on/off cycling due to 
fluctuations in control requests. 

110V Interlocks - units operating on llOv have limitations 
on how much power can be used at any given moment. The system 
charges 110/220 algorithm automatically at power-up. This 
section also checks the current llOv/220 flag and posts a heater 
shutdown request if this is llOv unit and either the jet or 

turbo are on. 

Pump Speed Interlock - this section handles the timing of 
transfers between high and low speed pump operation. A delay of 
three timer interrupts is interposed between the two speeds to 
prevent the possibility of on/off switching on cycle boundaries 
causing both outputs being on simultaneously. 

Low Speed on Requests - , the low speed pump requests for 
heater and heater cooling, as well as the filter interval are 
handled in this section. If a heater request is on, then a low 
speed pump request is posted. If the heater cooldown interval is 
active, a pump request is posted. If the current time is within 
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the filter interval, a pump on request is posted. Control then 
passes to the control error handler (CTLERR) . 

The Module CTLACT - Rc .itine CTLACT routine performs the 
following tasks: 

Maintenance/Error Handling - if the system is in maintenance 
mode, the light, turbo and jet outputs are shut off. If the 
system has detected a serious system error (error 1. .8), the turbo 
and jet outputs are shut off. In either case, the heater is shut 
down . 

Pump Actuation - if any pump requests are posted and no 
shutdowns are requested, the pump is turned on. 

Heater Actuation - if any heater requests are posted and no 
shutdowns are requested, the heater is turned on. Control then 
passes to the control LED handler. 

The Module CTLERR- Rout in ; CTLERR - routine posts two errors 
and two warnings. The errors it checks for are frozen water and 
mismatch in temperature readings (flow error). The warnings it 
checks for are the water being too hot for safe usage and the pH 
reading out of safe limits. 

The Module CTLKEY- Routine CTLKEY - routine handles directly 
output keyboard inputs. In particular, it controls the light, 
jet and turbo. If the system is maintenance mode, no keys are 
processed. If the system is in an error state only the light key 
is processed. The controls are complemented each time the 
corresponding key is pressed. 

The Module CTLLEDS- Routine CTLLEDS - if the module CTLLEDS- 
routine CTLLEDS operates when the system is in maintenance mode, 
and the LED drive is disabled, the light, turbo and jet LEDS are 
driven solely on the output states. The heater LED is driven 
steadily if the heater is on and flashed if the heater is off and 
has a request posted. The filter, set ready, scheduled heat and 
temperature LEDS are flashed if the corresponding function is 
posting a request and if the operator is not in a state used to 
set the function. If the operator is setting the function, the 
LED is already on and is not flashed. 
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The Module Delay-Routine Delay routine provides a software 
waitloop style of delay routine used mainly during powerup. 

The Module DELT I ME -Routines ADELTIME DELTIME routines are 
used to determine the interval between the current time and the 
specified time. DELTIME determines the time that has elapsed 
since the specified time while ADELTIME determines the time that 
remains until the specified time arrives. 

The Display module contains routines that convert values 
into displayable messages and a routine that actually writes the 
messages to the display. Many of the routines have two entry 
points, DSPxxx and BFRxxx . The DSP version uses the standard 
buffer while the BFR version uses a user- speci f i ed buffer. The 
DSP version only will be described to avoid repetitive 
descriptions of the BFR versions. 

The DSPULZ routine is called to remove leading zeros from 
numeric messages. 

The DSPBCD routine is called to convert from a BCD value to 
a display image. 

The DSPOUT routine sends the message image to the display. 

The DSPTIM routine converts a time value into a message. 

The DSPTMP routine converts a temperature value into a 
message . 

The DSPERR routine converts an error number into an error 
mes sage . 

The DSPPH routine converts a pH value into a message image. 

The EXTRAM module contains routines to support the NOVRAM 
image of the system configuration. 

The NVSUM routine is used to calculate the checksum value. 
It is used by the other routines to handle the checksummed 
configuration record. 

The NVUPDT routine is called whenever a change is made to 
the configuration. It updates the checksum value. Powerfail 
interrupts are masked until the new checksum has been completed. 

The ERTEST routine is called at powerup time to verify the 
system configuration. If the image is corrupted, it is reset to 
reasonable fallback values . 
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The Filter- module contains routines that allow the user to 
set the filter maintenance interval. It has already been 
described in the operator settings sections. 

The Flash module contains routines that support a consistent 
2 hertz flash of LEDS, display, etc. 

The Flashdrive routine is called to drive the timebase for 
the flasher. It 'is called once per timer interrupt synch by the 
main program. 

The Flash routine returns a on/off flag to allow callers to 
determine if they should be setting or clearing their outputs to 
flash. 

The Float module contains several routines that provide 
operations on scaled integer values. 

The FPADD routine adds two scaled integer values. 

The FPMULT routine multiplies two scaled integer values. 

The FPRND routine rounds a floating point number to the 
nearest integer value. 

The Idle module contains routines that handle keyboard 
inputs and drive the display while the operator is not 
programming any of the system's features. The display is stepped 
through the current time, temperature, pH value (if installed) 
and errors (if any are present) . 

The KBIDLE routine handles keyboard inputs. If either of 
the arrow keys are pressed, the resettable errors are cleared. 
This is an operator acknowledgement of current alarms. 

The GO SHOTOD routine is called as an entry state handler 
for the idle mode. It sets up to display the time and switches 
to the time of day state. 

The SHOTOD routine is called to display the current time of 
day. The refresh flag is ignored. When the timer expires, the 
state is switched to show temperature. 

The SHOTEMP routine is called to display the current spa 
temperature. The refresh flag is used to avoid flickering values 
when the current input is straddling values. When the timer 
expires, the show pH state is invoked. 
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The SHOPH routine is called to display the pH value. If no 
pH probe is installed, control is passed to the error displayer. 
Like the temperature display, the refresh flag is used to avoid 
flickering displays. When the timer expires, the error display 
state is called. 

The ERRIDLE routine is called to display the errors. If no 
errors remain, the display t : me state is entered. If another 
error exists to be displayed, the value is displayed and the 
timer is restarted. 

The Keyboard module contains routines that support the 
keyboard inputs. Keyboard inputs are signaled when the key is 
pressed. Key inputs are represented by an array of bits that are 
set when a positive transition has been detected. Three keys 
(up, down and maintenance) provide bits that correspond to the 
release of the keys. The up and down keys provide for an 
autorepeat that starts after a half a second and repeat at a 
frequency of approximately three hertz. Key transitions in both 
directions (on and off) are debo;unced. 

The KB I NT routine is called to initialize the keyboard 
image. It sets up the image such that keys that are pressed 
while the system powers up are ignored. Thus, a jammed key will 
not activate its corresponding function when the system started. 

The KBSCAN routine is called periodically by the timer 
interrupt handler to scan the keyboard inputs and update the 
keyboard input image. Transitions are accumulated until they are 
cleared by a separate routine. Rollover is handled as additive 
keys. Simultaneous keys are allowed and are handled by the 
individual state handlers individually as prioritized keyboard 
inputs. This routine provides all debouncing and autorepeat 
functions. 

The KBGET routine is c-.iled by the main program to poll 
for keyboard inputs. Only transitions are reported. Any key 
inputs are cleared and reported to the caller. 

The KBAUTO routine is called to see if either of the arrow 
keys are being held down to generate autorepeat inputs. The 
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result of this function is used to determine if the screen should 
be flashed. If repeat keys are active, flashing is inhibited. 

The Module Le arn- Routine Learn routine is called as part of 
the control manager. If the heater is heating, the temperature 
value is monitored. If the temperature raises through two 
successive degree transitions, the time that elapsed between 
those two events is examined. If the time is less than one 
minute or two hours elapse before the event, a rate of change 
alarm is posted. Otherwise, bhe heating rate is stored for use 
in the spa ready function. 

The LEDS module contains routines that support the drive of 
the LEDs mounted inside the keypad. 

The LEDS routine is called to define the output state. All 
LEDs are redefined by this routine. They are lit or extinguished 
depending on the state of a corresponding bit. 

The LEDCLR routine is called to turn LEDs off. LEDs that 
have their corresponding bit set are turned off. Those whose 
bits are O are not affected. 

The LEDSET routine is called to turn LEDs on. LEDs that 
have their corresponding bit sst are turned on. Those whose bits 
are O are not affected. 

The MA I NT module controlling the maintenance mode has 
previously been described. It is implemented as two routines 
KBMAINT and DSPMAINT to handle keyboard inputs and display output 
respectively. While the main module views maintenance mode as 
one state, the maintenance mode is actually implemented as a set 
of substates in a manner identical to the state scheme used in 
the main module. 

The Module MYREGS- Routine MYREGS routine is called to 
determine the address of the current context's register set. The 
address of RO is returned in the accumulator. This routine is 
used when the registers are going to be used as general memory 
locations for subroutine param _.:er s . 

The NOVRAM module contains routines which handle the special 
requirements of the NOVRAM. 
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The NOVREAD routine is called to restore the nonvolatile 
image of the NOVRAM. It is called at powerup. It begins the 
restore function and handles the proper delay interval to give 
the NOVRAM to complete the refresh. 

The NOVWRITE routine is called by the powerfail interrupt 
handler to signal the storage of the system configuration image 
to the nonvolatile image of the NOVRAM. It guarantees that the 
cycle is completed and returns to the powerfail handler. 

The Module POWRFAI L-Routine POWRFAIL routine is the 
powerfail interrupt handler and has previously been described. 

The Revision module provides for the display of the software 
revision and/or version. It will display different values for 
variants of the system software to distinguish between them. 
Once the system has been completed, it will be sealed, so this 
will provide a surefire way of verifying the software contents. 

The KBREV routine handles keyboard inputs while the revision 
is being displayed. It allows the user to step forward past this 
function since this function does nothing other than display the 
revision value. 

The DSPREV routine is called to display the revision. The 
revision message is a constant message. 

The Module ROMTEST-Routine ROMTEST routine is called at 
powerup to check the program, ROM. It executes a simple data 
line test and reports failure i -.. any errors are detected. 

The Module RTC routine contains routines that support the 
real time clock device. 

The RTCINIT routine is called at powerup to initialize the 
RTC and to verify that the time value makes sense. If it does, 
it is assumed to be correct. Otherwise, it is assumed that the 
time value was lost and the time is reset to twelve o-clock 
midnight . 

The RTCPOL routine is called by the timer interrupt to poll 
the RTC for updates. If any changes have occurred, the new time 
is stored in RAM for use elsewhere in the system and a signal is 
returned that it is time to handle the one second update. If any 
changes have been posted, the nfw value is written. 
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The GETTOD routine is called by the system at large to fetch 
the current time of day. 

The PUTTOD routine is called by the system at large to post 
a new time of day. On the next poll with a second update, the 
new value will be written to the RTC by the routine RTCPOL above. 

The SCHEAT module contains the routines that allow the user 
to configure the scheduled heating function. This allows the 
user to redefine the heating hysteresis when the spa is 
unattended. The minimal hysteris value allowed is five degrees. 
The behavior of these routines has already been described. 

The SETREADY module contains routines that allow the user to 
configure the set spa ready function. The behavior of these 
routines has previously been described. 

. The SHOWMEM module alio- the user to display the contents 
of both classes of RAM. It is available only in maintenance 
mode . 

The KBCPU routine handles keyboard inputs and allows the 
user to select the display of CPU RAM contents or continue to the 
next operation. 

The DSPCPU routine displays the message "CPU" to indicate 
what operation can be selected. 

The KBCSH routine handles keyboard input while displaying 
CPU RAM. It allows the user to raise or lower the current 
location or exit this function. „ 

The DSPCSH routine displays the current CPU RAM address as 
well as the contents. 

The KBNRAM , DSPNRAM, KBN *SH, DSPNRSH routines are identical 
to the CPU RAM routines above except that they operate on the 
NOVRAM contents. 

The Module Start-Routine Reset routine handles the powerup 
reset. Its function has previously been described. 

The TEMPSET module allows the user to set the desired spa 
temperature setpoint. This setpoint may be overridden by the 
scheduled heating function if it is enabled and the spa becomes 
unattended. The operation of this function has previously been 
described . 
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The TICK module contains routines that support slow realtime 
timers (in the order of seconds) . 

The TICK routine is called when the RTC has updated its 
second. It updates several operating timers as well as the 
runtime timers used to measure usage intervals for maintenance 
purposes . 

The GETTMR routine is called to get the current value for an 
operating countdown timer. 

The PUTTMR routine is called to reset the current value for 
an operating countdown timer. 

The Module T I MEB IN- Routine TIMEBIN routine is called to 
convert from BCD hours/minutes to a binary value in minutes. 

The Module Timer-Routine Timer is the timer interrupt 
handler. Its behavior has previously been described. 

The TIMESET module contains routines that allow the user to 
set the current time of day Their function has already been 
described . 

The Module UNMI L- Routine UNMIL routine converts from 
military twenty-four hour format (used internally) to twelve hour 
an/pm format (preferred by most users) . 

The VECTORS module contains vectors that provide for the 
transfer among the two pairs of program segments. The thirteenth 
address line (A12) is manipulated as an output line in paired 
vector handlers to handoff control of the processor from one pair 
of the program segments to the other. The reset and interrupt 
vectors are also represented twice in this module to provide for 
interrupt handling from either pair of segments. This segment 
organization explains the discrepancies in how a particular 
subroutine is called from different modules. The difference is 
usually the fact that the two callers reside in different 
segments. 

It will be understood that these routines describe one 
embodiment of the system and can be modified without departing 
from the scope of the inventive concepts herein taught. 
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Figure 5 shows one possible configuration of the keyboard 48 
for the spa control panel 12. The overlay on the spa control 
panel 12 contains lights and a series of push button switches 
which can be depressed to s\,itch on the appropriate functions. 
Preferably, an audible tone a. ;rts the user that the computer 10 
has received the signal sen" by depressing the key. The jet 
button 49 operates the high speed pump 24 for the jet action in 
the spa. After the jet button 49 is depressed, the system will 
shut off the pump 24 if there is no flow in the system after 
five minutes of operation. The user is notified of the 
malfunction by an error message shown on the display. In a 
preferred embodiment, the low speed pump automatically is 
operated when the heater is activated. By pressing the jet 
button 49, the high speed overrides the low speed pump in pump 

49. The heater 26 is still operable but the heating efficiency 
decreases because the water £ s moving faster over the heating 
element (in 220v, in llOv ~'.igh speed pump disables heater). 
Interlocks link the pump. 24 t.o the heater 26 so that the pump 24 
runs fifteen seconds before the heater 26 is turned on and runs 
sixty seconds after the heater 26 is turned off. This ensures 
fluid flow during operation of the heater 26 so that hot spots in 
the system are not allowed to accumulate. 

The air button 51 operates the blower motor (not shown) for 
the bubbling action in the spa (same interlock as jet/heater). 
The light button 53 operates any lights installed in the spa. 
The up arrow button 55 and down arrow button 63 are used in 
conjunction with the set clock 57, set temperature 59, set ready 

50, scheduled heating, and filter 61 buttons. The purpose of the 
up arrow button 55 is to inc: ..'.merit data that is presented on the 
display 46. The down arrow bu cton 63 is used in conjunction with 
these same buttons to decrement data that is presented on the 
display. The set clock button 57 is used to set the current time 
of day and is activated by pushing the set clock button 57. The 
desired time can then be set by activating the up arrow button 55 
or the down arrow button 63. The set temperature button 65 can 
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be used to control the temperature value for the thermostat in 
the heater 26. To set the temperature, the set temperature 
button 65 is depressed and the current setting for the thermostat 
will be shown on the display. The up arrow button 55 or the down 
arrow button 63 can be used to increase or decrease the tempera- 
ture setting as desired. When the desired value is shown on the 
display 46, the .set temperature button 65 is depressed and the 
system will revert to the normal scroll in display. The ranges 
on the temperature setting may range from 40 to 104 degrees 
Fahrenheit. 

Referring to Figure 6, when the system is powered up, the 
system is reset 100 by system initialization 102 which enables 
certain events and parameters and then calls the main program 
lOO. Certain interrupts such as the timer interrupt 106 and the 
power fail interrupt 108 are enabled to detect future interrupts 
which can then be polled 100 or effect a system shutdown 112. 
The powerup reset 100 also generally clears all RAM 32, turns off 
control outputs for devices 24, 26, 28, 30, initializes the real 
time clock 34 reading and the keyboard scanner, tests the NOVRAM 
32 image for validity, and tests EPROM memory 44 (See Figure 7) . 

On power-up sequence', the AC line input is read and the 
system electronics make a determination on whether the power is 
llOv or 220v. This status is read through a digital input by 
microcomputer 10 and an associated flag is set in RAM indicating 
which power supply is connected to the controller. On llOv, the 
following constraints are imposed by the software: 

Heater and low speed pump will be turned off if either 

the high speed pump (jets) or the blower is turned on. 

The heater LED will flash during this time indicating 

it is trying to heat but h?.s been overridden. 

On 220v systems, no com t.raints are applied. The operation 
of this function is illustrated in Fig. 8. 

The set ready button is used to preset the time and tempera- 
ture that is desired by the user. 
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The microcomputer 10 calculates the proper time to initiate 
heating based on the present initial temperature of the water, 
and the stored data on the rate of heating for the particular 
spa. Each time that the spa is heated, the microcomputer 10 
monitors the rate of change in the water temperature and stores 
this information in the internal memory. This data is then used 
to calculate the time necessary to heat the spa water from the 
initial temperature to the selected temperature. 

To operate the set read\ . or spa ready mode, the set ready 
button 50 is depressed and the set ready light 50 and the hours 
light digits on display 46 are illuminated. The hours are set by 
using the up button 55 and down button 63 arrows. When the hours 
are correct, the set ready button 50 is depressed and the minutes 
digits will flash. The minutes data are set by using the up 
button 55 and down button 63 arrows. When the minutes data is 
correct, the set ready button 50 is depressed and the current 
thermostat setting is displayed. The up button 55 or down button 
63 arrow is pressed to select the proper temperature. The set 
ready button 50 is then depressed again and "on" or "off" will 
flash on the display screen 46. This indicates whether the 
feature is enabled or not. The set ready button 50 is again 
depressed and the data is entered. When it is time to begin the 
heating cycle, the system program LED on display 46 will flash to 
indicate that the feature is active. 

When the spa is heated to the proper temperature, the 
programmed thermostat setting becomes the current thermostat 
setting and the system will continue normal operation. 

If enough time is not allocated for the spa to reach the 
desired temperature, and time runs out before the heating process 
is normally completed, the programmed thermostat setting will 
become the current thermostat setting and the system will con- 
tinue normal operation. 

The filtering button 67 allows the user to select the time 
for circulating the water in the spa for normal maintenance. To 
operate, the filter button 67 is depressed and the hours digits 
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and the filter light will be eliminated. The up button 55 or 
down button 63 is operated to select the hour, and the filter 
button 67 is depressed to set the new running time. The data is 
loaded into memory, the light next to filter button 67 will turn 
off and the display 46 will return to the normal scroll in 
operation. When the filter functions are active, the LED will 
flash. 

The use of the system is checked by determining whether any 
operator keys have been actuated within 30 minutes, or other 
selected interval, of the initial start time. If not, the high 
speed jet and turbo controls are turned off to conserve energy. 

The heating light 69 is . lluminated when the heating element 
of heater 26 is being activated. If the heating element is 
activated and the temperature of the water is not increasing, 
then an error message will be displayed. The LED will flash when 
the heater 26 is in a warm-up or cool-down cycle. 

The system may be diagnosed by operating a switch in the 
system innerconnecti on panel 14 to place the keyboard 54 in 
display in the diagnostics mode. By pressing the jet button 49, 
the total number of hours of operation on the pump 24 will be 
displayed. Pressing the air button 51 will show the total hours 
of operation on the blower motor. Pressing the set temp button 
59 will display the total hours of operation on the heater 26 and 
will eliminate the set temp 1.. -jht. Pressing the set clock button 
57 will display the total hours the system exceeded the desired 
temperature, designated as greater than 104 degrees Fahrenheit in 
the preferred embodiment. The light associated with the set clock 
button 57 will be eliminated after any other button is pressed. 
Pressing the up arrow button 55 or the down arrow button 63 will 
eliminate other modes and turn on all lights on the panel 54 and 
will turn on all segments of the display 46 along with the colon. 
The normal operation of the system is disabled when the 
maintenance switch is on. For example, the lights, turbo and jet 
outputs, and heater are shut down when the system is in 
maintenance mode. 
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The system may display error codes which show potential 
problems within the system. Typical error codes which may t>e 
displayed might include information showing that the heater 26 
was not heating, the pump 24 was not operating, there was 
insufficient time to heat the spa to the desired temperature, 
there was no water flow in the system, or there was failure in 
the microcomputer 10. Sensors (not shown) can be located at 
select locations in the system. From these sensors, the system 
can check for frozen water in the system and can determine 
whether the pH reading of the system is outside of a desired 
range. The system provides two functions regarding freezing of 
the water in the system. First, if either temperature sensor 
reads a temperature of thirty-four degrees or lower, the spa is 
considered frozen and all op rations are disabled. The heater, 
the pumps and the blower aie disabled to avoid damage to the 
mechanisms. Second, if the heater temperature drops below 
thirty-eight degrees, an impending freeze is signaled. The 
reaction to this condition is to run the low speed pump for five 
minutes. If the condition has not improved, the heater is 
started. Every five minutes thereafter, the temperature i-s 
rechecked. If the condition clears (the temperature rises above 
forty degrees), operations return to normal. This feature 
operates in addition to and in parallel with other operating 
modes . 

This feature addresses t?ie common problem of a spa being 
cooled by exterior cooler t , nperature s . The pipes and heater 
tend to cool faster since there is a small mass of water being 
cooled. If the pipes are allowed to freeze, they may be damaged 
or the moving mechanisms such as the pump or blower may be 
damaged when they are activated. 

In another embodiment of the invention, the system can 
monitor the temperature of the water at different locations in 
the system to determine whether there is blockage in the system. 
The spa system accomplishes this by monitoring the temperatures 
detected by sensors located at selected locations in the spa 
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control system. In one embodiment of the invention, a first 
sensor (not shown), which can be a solid, state sensor, is located 
upstream of the heating element at a selected location and a 
second sensor (not shown) is located downstream of the heating 
element. As water 'flows over the heating element of heater 26, 
the sensors detect the temperature of the water at the selected 
locations. The microcomputer 10 processes the signals generated 
by the sensors and calculates the difference in temperature 
between the values detected by the sensors. The microprocessor 
selectively activates and deactivates the heating element of 
heater 26 to control the rate of heating. If the difference 
exceeds a selected amount, a warning on digital display 46, or 
other warning such as an audi. 1 ! le sound, can be generated to warn 
the user of a malfunction in the spa. This function of the 
invention is shown in Figure 7. 

In one embodiment of the system, two temperature probes are 
monitored constantly for temperature differences whenever the 
pump is in operation. When the pump is started, five minutes are 
allowed for the two readings to get within six degrees Fahrenheit 
of one another. If the probes fail to match after this period, 
all spa operations cease arid an error message is displayed to the 
user. If the heater temperature is more than six degrees higher 
than the spa temperature, the heater is not turned on. If the 
heater temperature is more than six degrees colder than the spa 
temperature and the heater function is signaled to be on by other 
portions of the control program, the heater is turned on even 
though the temperatures do not match. If at any time after the 
first five minutes the difference between the two temperature 
readings exceeds six degrees, all spa operations are disabled and 
an error message is displayed to the user. 

As previously noted, this embodiment determines whether flow 
is present in the spa plumbing. If a blockage exists, it will 
result in a temperature difference which will cause the system to 
halt operations. The initial five minute period allows for the 
equalization of temperature differences that naturally occur when 
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no water flow is present. Typically, a finite period of time is 
required for plumbing fixtures to warm and cool and for the 
temperature sensor to react to its surroundings. 

In addition, the microcc ...puter 10 can calculate the rate of 
heating detected by either sensor to determine whether there may 
be fluid blockage in the spa system. This calculation can be 
performed by dividing the change in temperature by the change in 
time to compute the rate of heating. For example, if there is a 
fluid blockage in the system, the spa water surrounding the 
heating element of heater 26 may rapidly overheat to create a 
"hot spot" in the spa system. If the temperature of the water 
does not increase, there may be a malfunction in the heating 
element. If any error is detected which signifies that the spa 
system is not properly wo];king, the microcomputer 10 can 
deactivate the heating element to prevent overheating of the 
components of the spa system ior can signal an error code on the 
display. The rate of heatinj can also be monitored to ensure 
that scalding water is not unexpectedly circulated in contact 
with the spa user. A cumulative average rate of heating for the 
spa system can be calculated from the heating rates which are 
calculated each time that the spa temperature is increased. This 
function of the invention is shown in Figure 9. 

In one embodiment of the invention, the temperature of the 
water can be maintained within a selected temperature range or 
hysteresis when the spa is unattended, and the system can be 
programmed to heat the water temperature to a selected amount at 
a desired time. This funci . on, referred to as the scheduled 
heating function, is begun by setting the start time and the high 
and low temperature limits. Next, the function is enabled. For 
example, the operator might select a lower temperature range, 
while the spa is unattended, to conserve energy. A lower temper- 
ature range would also reduce the number of times that the spa 
system would cycle on and off to maintain the desired tempera- 
ture, if the lower water temperature is closer to the ambient 
temperature. Conversely, the operator can select a higher 
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temperature range, closer to the desired temperature of the spa 
water, to minimize the time required to heat the spa water to the 
selected operating temperature. The ability to control the 
temperature of the water while the spa is unattended also yields 
other useful benefits. For example, the spa system can be 
programmed to heat the water to a desired temperature at a time 
of day when electrical power rates are minimal. The heat loss of 
the spa system during periods when the spa is unattended, calcu- 
lated from the time that the spa water is heated to the desired 
temperature, can be calculated to. maximize the operating effici- 
ency of the entire spa system. 

In another embodiment of the invention, the heating rate of 
the water can be monitored to calculate the estimated time 
necessary to raise the water temperature to a desired level, and 
to detect certain failures in the spa system. For example, a 
sudden increase in the water temperature at a specific point in 
the spa system may signal that there is a loss of water circula- 
tion. If a sensor detects a ' .eating rate which exceeds a selec- 
ted rate, a warning message may be displayed, or the heating 
element of heater 26 or the entire spa system may be deactivated 
to prevent deleterious heating of the spa components. As 
previously set forth, the rate of heating, together with the 
actual temperature reading and volume of water in the spa system, 
can be used to calculate the time required to heat the spa water 
to a desired temperature. This information can be stored in the 
microcomputer to assist in predicting the time necessary to heat 
the spa water to the desired temperature, beginning with the 
initial temperature of the water when the spa is unattended. 
This function is shown in Figure. 10. 

To further illustrate tl :. spa control system and certain of 
its functions, Figure 11 shows ; a flowchart for one embodiment of 
the system which illustrates Power- up/Re set function, which 
describes how the system is initiated and can be modified by one 
operator; Figure 12 shows a flowchart for the Timer Interrupt 
function, which interrupts a programmed command; and Figure 13 
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shows a flowchart for the Powerfail function, which shuts down 
certain components of the system upon a certain event. As with 
other embodiments illustrated herein, the flowcharts shown in 
FIGS. 11-13 represent differing embodiments of the present 
invention and may be varied without departing; from the scope of 
the invention. 

The embodiments shown above are merely illustrative of the 
present invention. Many oth jr examples of the embodiments set 
forth above and other modifications to the spa control system may 
be made without departing frjm the scope of this invention. It 
is understood that the details shown herein are to be interpreted 
as illustrative and not in a limiting sense. 




1. A spa control system having a heater for monitoring and 
control of the temperature of water in a spa, comprising: 

a heating element for heating the water; 

a first sensor for detecting the temperature of the 

water at the spa ; 
a second sensor for detecting the temperature of 

the water at said heating element; and 
a microcomputer for processing signals generated by 

said sensors, wherein said microcomputer 

selectively activates and deactivates said 

heating element . 

2. A spa control system as recited in Claim 1, wherein said 
microcomputer calculates the difference between the temperatures 
detected by said sensors. 

3. A spa control system as recited in Claim 2, wherein said 
microcomputer after a preset period of time deactivates said 
heating element when the temperature difference exceeds a selected 
amount . 

4 . A spa control system as recited in Claim 2 , further 
comprising a display which is activated by said microcomputer when 
said temperature difference exceeds a selected amount. 

5. A spa control system as recited in Claim 2, further 
comprising a display activated by said microcomputer when said 
temperature difference is less than a selected amount. 

6. A spa control system as recited in Claim 1, wherein the 
water flows past said heating element, said first sensor detects 
the temperature of the water upstream of said heating element of 
the spa, and said second sensor detects the temperature of said 
water downstream of said heating element as the water flows past 
said heating element. 

7. A spa control system as recited in Claim 1, wherein said 
microcomputer is capable of sensing the signals generated by said 
first and second sensors and is calculating the rate of increase in 
the temperature of the water in the spa . 
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8 - A spa control system for- determining the time necessary 
to heat the water in the syst am from an initial temperature to a 
selected temperature, comprising: 

a heating element for heating water; 

a sensor for detecting the temperature of the water 
in the spa; and 

a microcomputer for processing signals generated by 
said sensor and for selectively activating and 
deactivating said heating element, wherein 
said microcomputer assesses the initial tem- 
perature of the water in the spa, activates 
said heating element to increase the tempera- 
ture of the wat?r in the spa, deactivates said 
heating element after the water in the spa has 
been heated to a selected temperature, and 
assesses the time necessary to raise the 
temperature of the water in the spa from the 
initial temperature to the desired tempera- 
ture . 

9 . A spa control system as recited in Claim 8 , wherein said 
microcomputer is calculating the rate of heating of the water in 
the spa. 

10. A spa control system as recited in Claim 9, wherein the 
rate of heating is stored by the microcomputer. 
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11. A spa control system for- determining the time necessary 
to heat the water in the system from an initial temperature to a 
selected temperature, comprising: 

a heating element f. r heating water; 

a sensor for detecting the temperature of the 
water; and. 

a microcomputer for processing signals generated by 
said sensor and for selectively activating and 
deactivating said heating element, wherein 
said microcomputer assesses the initial tem- 
perature of the water, activates said heating 
element to increase the temperature of the 
water, deactivates said heating element after 
the water has been heated to a selected tem- 
perature, and assesses the time necessary to 
raise the temp rature of the water from the 
initial temperature to the desired tempera- 
ture ; 

wherein said microcomputer calculates the rate of heating of the 
water and a cumulative average rate of heating by averaging the 
rate of heating, determined each time that the spa water is heated, 
with the rate of heating previously calculated for the spa system. 

12. A spa control system as recited in Claim 10, wherein said 
microcomputer is determining the temperature difference between the 
selected temperature and the initial temperature, of assessing the 
rate of heating, and of calculating the amount of time necessary to 
heat the water from the initial temperature to the desired 
temperature . 
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13. A spa control system as recited in Claim 12, wherein said 
microcomputer is assessing the initial temperature of the water, 
the rate of heating, the desired time at which the water tempera- 
ture will equal the selected temperature, and wherein said 
microcomputer is determining the start time necessary for activat- 
ing said heating element so that said water is heated to the 
selected temperature at the d ^ sired time. 

14. A spa control syster for heating the water in the system 
from an initial temperature to a selected temperature at a desired 
time, comprising: 



a heating element for heating the water in the spa; 

a sensor for detecting the temperature of the water 
in the spa; and 

a microcomputer connected with said heating element 
and said sensor which assesses the initial 
temperature of the water in the spa, the 
average rate of heating and determines the 
start time necessary for activating said 
heating element so that said water in the spa 
is heated to tl\e selected temperature at the 
desired time. 



15. A spa control system as recited in Claim 14, wherein said 
microcomputer activates said heating element at said start time. 

16. A spa control system as recited in Claim 15, wherein said 
microcomputer deactivates said heating element when the temperature 
of the water in the spa equals the selected temperature. 

17. A spa control system as recited in Claim 16, further 
comprising a display which is activated by said microcomputer when 
the temperature of the water in the spa equals the selected 
temperature. 
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18. A spa control system which contains water- in the system 
and which is powered by a power source, comprising: 

A heating element for heating the water; 

A low speed pump for circulating the water in the 
spa control system; and 

a microcomputer for determining the voltage of the 
power source, wherein said microcomputer sets 
a flag in the riemory of said microcomputer to 
indicate the v.- Ltage of the power source. 

19. A spa control syste.n as recited in Claim 18, wherein a 
flag is set in the memory of the microcomputer if the voltage of 
the power source is HO volts. 

20. A spa control system as recited in Claim 19, further 
comprising a high speed pump. 

21. A spa control system as recited in Claim 20, wherein said 
heating element and said low speed pump are deactivated when said 
high speed pump is activated. 

22. A spa control system as recited in Claim 19, further 
comprising a blower. 

23. A spa control system :ts recited in Claim 22, wherein said 
heating element and said low speed pump are deactivated when said 
blower is activated. 

24. A spa control system as recited in Claim 21, further 
comprising a display which indicates when said heating element is 
deactivated . 
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25. A spa control system for- monitoring the temperature of 
water in the system, comprising: 

a heating element for heating the water; 

a first sensor adjacent to said heating element for 
detecting the temperature of the water at the 
said heating element; 

a second sensor for detecting the temperature of 
the water at a selected location 

a pump which is capable of being activated to 
circulate the water in the system; and 

a microcomputer for processing signals generated by 
said sensors, wherein said microcomputer 
calculates the difference between the tempera- 
tures detected by said first sensor and said 
second sensor at a selected time after said 
pump is activated. 

26. A spa control system as recited in Claim 25, wherein said 
microcomputer selectively activates and deactivates said heating 
element if the temperature difference calculated five minutes after 
said pump is turned on, exceeds six degrees Fahrenheit. 

27. A spa control system as recited in Claim 26, wherein said 
microcomputer deactivates said heating element if the temperature 
of said first sensors exceeds ihe temperature of said second sensor 
by more than six degrees Fahrenheit. 

28. A spa control system as recited in Claim 26, wherein said 
microcomputer activates said heating element if the temperature of 
said first sensor is more than six degrees less than the tempera- 
ture of said second sensor. 



~ 6 ~ \<a 



29. A spa control system for- monitoring the temperature of 
water in the system, comprising: 

a heating element for heating the water; 

a sensor for detecting the temperature of the water 
at a selected location; and 

a microcomputer for processing signals generated by 
said sensor, wherein said microcomputer deac- 
tivates said heating element and said pump 
when said sensor detects a water temperature 
equal to or less than thirty-four degrees 
Fahrenheit. 

30. A spa control system as recited in Claim 29, further 
comprising a blower which is deactivated by said microcomputer when 
said sensor detects a water -.emperature equal to or less than 
thirty-four degrees Fahrenheit:. 

31. A spa control system for monitoring the temperature of 
water in the system, comprising: 

a heating element for heating the water; 

a pump for circulating the water in the system; 

a sensor for detecting the temperature of the water 
at a selected location; and 

a microcomputer for processing signals generated by 
said sensor, wherein said microcomputer acti- 
vates said pump for a selected time when said 
sensor detects & water temperature equal to or 
less than thirty-eight degrees Fahrenheit. 

32. A spa control system as recited in Claim 31, wherein said 
microcomputer activated said pump for a five minute period when 
said sensor detects a water temperature equal to or less than 
thirty-eight degrees Fahrenheit. 

33. A spa control system as recited in Claim 32, wherein said 
microcomputer activated said heating element if the temperature of 
the water, at the end of said five minute period, is equal to or 
less than thirty-eight degrees Fahrenheit. 
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A spa control system as recited in Claim 33, wherein said 



microcomputer is monitoring the temperature of the water at five 
minute intervals after said heating element is activated, and where 
in said microcomputer is deactivating said heating element when the 
temperature of the water exceeds forty degrees Fahrenheit. 

DM0222 :16/dgd 
86-1198-05:08/30/93 



-8- 



ABSTRACT 



An improved spa control system is disclosed. The invention 
describes a spa control system which calculates the time required 
to heat the water in the spa system to a desired temperature. 
From that information, the heating rate of the. spa system can be 
determined, and 'the heating element of the spa system can be 
activated at the proper time to raise the temperature of the 
water to a selected temperature by a desired time. The spa 
system also monitors information which might show errors in the 
operation of the spa system such as a blockage in the flow of 
water over the heating element in the spa system. 
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SPA CONTROL SYSTEM 
FIELD OF THE INVENTION 



This invention relates to the development of a spa control 
system. More particularly, this invention relates to a spa 
control which uses an interconnection panel and a control panel 
to effectively control various operating functions of the spa. 

BACKGROUND 

The design of systems to control spas is complicated by the 
environment of the spa itself. Typically, spa controls contain 
heating elements, controls, switches, and wiring harnesses which 
deteriorate when exposed to moisture or extreme levels of 
humidity. Since the heated water of the spa raises the humidity 
level, the atmosphere surrounding the controls of the spa unit is 
inherently corrosive to spa control systems. 

The accuracy of the temperature of the spa water is 
essential to the safety and comfort of the spa user. This 
temperature is difficult to accurately control, since the 
temperature of the water can vary rapidly depending on the number 
of spa users, the ambient temperature of the air, and other 
environmental factors. To conserve energy, the spa temperature 
is customarily raised to the desired level shortly before the 
expected use of the spa, anc is not maintained at a constant 
temperature. Depending on the level of use of the spa the 
temperature of the spa water may be cycled several times per day. 
During these cycles, the control of the water temperature is 
difficult to maintain without overheating or underheating the 
water. Typically, a spa control system merely heats the water 
with a heating element until the temperature of the water and 
that temperature matches a predetermined setting selected by the 
spa user. Since the heating element is not turned off until that 
desired water temperature is reached, the residual heat in the 
heating element may increase the temperature of the water beyond 



the actual temperature desired. Conversely, the location of the 
temperature sensor may be located in the spa in such a fashion 
that it does not sense the actual, median water temperature and 
therefore, the heating element is turned off before the 
temperature of the water reaches the desired level. 

Present spa controllers operate on line voltages which 
should not be accessible to the spa users. To meet safety 
specifications, these controls are typically located at a 
distance from the spa itself. 

SUMMARY OF THE INVENTION 
The present invention overcomes the foregoing difficulties 
by providing a spa control system which accurately and 
efficiently controls the operation of the spa and is not 
adversely affected by the corrosive environment surrounding the 
spa. The system monitors the temperature of the heating element 
and the water, and this data is processed by a microcomputer to 
control the temperature of the. water in the spa. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGURE 1 illustrates, a schematic block drawing of the spa 
control system. 

FIGURE 2 illustrates a block diagram of the microcomputer 
and its associated components. 

FIGURE 3 illustrates a block diagram of the spa control 
system innerconnection panel. 

FIGURE 4 illustrates a functional block diagram of the 
software which controls the spa control system. 

FIGURE 5 illustrates one embodiment of a display. 

DESCRIPTION OF THE PRE FERRED EMBODIMENTS 
FIGURE 1 illustrates a block diagram of the overall spa 
control system. The spa control system uses an intelligent 
microcomputer to monitor and control the operation of the spa. 
The system uses solid state electronic components which eliminate 
many of the problems associated with traditional mechanical timer 
and relay control systems. The use of solid state electronic 
components increase the reliability of the system and reduces the 

2 



maintained necessary to maintain the spa in operable condition. 

Referring to Figure 1, the system generally comprises a spa 
control panel which is connected to a system innerconnect ion 
panel. The system innerconnec tion panel is also connected to 
power input, to various sensors which detect peramiters at such a 
slow rate, temperature, and ph of the water, and also the 
mechanical and electrical components of the spa, such as the 
pump, heater, blower, and lights. 

Figure 2 illustrates a block diagram of the spa control 
panel and its associated components. The electronics in the spa 
control panel are designed to handle temperature extremes of 
minus twenty to plus seventy degrees centigrade. The technology 
used in this design is Complimentary Metal Oxide Semiconductors 
(CMOS) which is low in power consumption and high in reliability. 
The microcomputer is an 8-bit control device with an 8-bit data 
bus. Its function is to execi te instructions, control processes, 
make logical decisions and compute values. The microcomputer 
operates at a clock speed of two megahertz and can make thousands 
of calculations per second. The microcomputer reads instructions 
from the EPROM memory and then executes the appropriate actions. 

The Electrical Programmable Read Only Memory (EPROM) stores 
the instructions for the microcomputer to execute. Once a 
program is created on the development system, the final software 
is loaded into the EPROM. The EPROM can be modified to add new 
features, or additional EPROMs can be connected to manage 
different functions and applications. The Random Access Memory 
(RAM) is^a memory device which stores temporary information while 
the information is being processed by the microcomputer. The RAM 
only reads and writes data,, and can hold data for future 
reference with backup battery power even after the main power is 
turned off. The RAM stores data such as the number of hours on 
the heater, the number of times that the temperature of the spa 
exceeds the pre-selected temperature, and other information. 

The Real Time Clock (RTC) calculates the proper time of day. 
The microcomputer uses this information to schedule events 
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concerning the operation of the spa, such as when the spa is 
turned on, when the water is circulated, and other events. The 
RTC is backed with battery power so that it maintains the 
accurate time when the main power supply is turned off. 

The display is a vacuum-fluorescent type which has a 
blue-green color. The display contains four seven - segment 
characters, colon and a.m. and p.m. indicators. The Display 
Interfact represents circuitry which drives and updates the 
display device. Information from the microcomputer is decoded 
. and displayed on the screen. The data remains on the screen 
until the microcomputer sends a new message or the system is 
reset or powered off. 

The keyboard shown is a flat panel membrane style which is 
incorporated into the front panel. One type of keyboard has nine 
push dash buttons and nine translucent cut-offs for backlighting 
of Light Emitting Diodes (LBDS) . The keyboard is mounted on an 
aluminum backpanel to provide a firm surface when depressing the 
buttons. The keyboard interface provides circuitry which 
transmits information from the keyboard to the microcomputer. 
The keyboard interfact conditions the signals and only permits 
the activation of one key at a time. The microcomputer is 
signaled when a key is depressed and then reads the key data. 

The Digital Inputs monitors digital data from external 
devices, such as the flow switch. Each field digital input is 
optically isolated and search protected to prevent external 
signals from entering the main components of the microcomputer. 
The Digital Outputs drives the external output devices, such as 
the blower, heater, pump and other auxiliary devices. The low 
voltage signals are optically isolated and then drive a TRIAC 
device which provides the higl, voltage and high current required 
by the external devices. The Analog Input converts information 
from various sensors into digital information so that the data 
can be read by the microcomputer. The converter translates the 
analog information into digital information through dual slope 
integration which permits fast and accurate conversion. The 
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signals from external probes and sensors are conditioned by 
amplifying the signals so that the A— D converter can make an 
accurate conversion. The Signal Conditioning section provides 
transient and search protection to reduce static and noise. 

As previously set forth, the system innerconnec t ion panel 
connects the components of the spa control system. Referring to 
Figure 3, the power to th-2 system innerconnec tion panel is 
supplied through usual power supply. The Ground Fault 
Interrupter provides protection to the system innerconnec tion 
panel if excessive current flows through the ground leg of the 
input. The GFI prevents excessive voltage from entering the 
. system after the device has been triggered. After the power has 
passed through the GFI, the Power Supply converts the 110 or 220 
Volt AC into the low voltage and low power required by the 
controller. The power supply also contains the backup battery 
used to provide power to the RTC and RAM when the main power is 
turned off. 

The Opto-Isolators receive signals form the spa control 
panel which designate the operation of the proper output device. 
The Opto-Isolators isolate the low voltage and current control 
system from the high voltage and high current of the main power 
supply. Connected to the opto isolators are triacs, which are 
solid state devices used to drive high voltage and high current 
and high output devices. Triacs function relays except that 
triacs are electronic devices that do not contain any moving 
parts. Typically, the triac to a heating element may be rated at 
forty ampfs maximum current and the triacs to other output devices 
might typically be rated at twenty-five amps. Connected to the 
triacs is a field connection board which mechanically permits the 
connection and disconnection of field devices such as a pump 
motor, blower motor, heater core, or spa light. 

FIGURE 4 illustrates a functional block diagram of the 
software which runs the microcomputer. The final software code 
is incripted on the EPROM for operating the microcomputer. The 
main program schedules the operation of all other subprograms and 



performs general housekeeping chores, such as memory management, 
timer control, interrupt handling and the scheduling of tasks. 

The keyboard monitor routine scans the keyboard and is 
triggered by the operation of a key. The key signal is then 
decoded and the main program is triggered to initiate a series of 
programmed events. The program ignores multiple key depressions 
and erroneous entries and operates only upon the signal generated 
from a proper key entry. The display control program converts 
data from the memory to readable messages which can be shown on 
the display. The display control handles the timing of the 
signals so that the display performs in an efficient and proper 
manner. The alarm control monitors the proper operation of the 
entire system. If the system malfunctions or otherwise operates 
incorrectly, the alarm will signal the malfunction. Examples of 
malfunctions in the system that might ^occur are the malfunction 
of the heater, and whether the ^£TeJvZeI? are within an acceptable 
range. In the event of a malfunction, a signal will be sent to 
the display controller to alert the user of the malfunction. 

The Analog Conversion Program manipulates the converter 
circuitry to convert sensor input signals to digital information. 
This program also converts the digital information to engineering 
units for the purposes ol display and comparison. The RTC 
control program controls all interaction with the Real Time 
Clock. The program is responsible for loading data for future 
events. The PID Control stands for purportional , integral and 
derivative. This program performs the closed loop control on the 
heating,, elements. ghe program monitors the temperature of the 
water and determines when the heater should be engaged^ The 
program issues a command which activates the heater and then 
monitors the temperature to determine when the heater should be 
turned off. The program is unique in that it monitors the rate 
decrease and the rate of increase of the water temperature so 
that the final temperature of the water is not higher or lower 
than the selected temperature. The spa control system can 
achieve an accuracy of plus or minus one degree fahrenheit with 



the heating and monitoring elements. 

The output control program issues commands to the output 
components to turn on the TEIACS for control of the pump, heater, 
blower, lights and other components. The input scanning program 
monitors devices such as push buttons and switches. The flow 
switch would be monitored by this program, as well as any other 
shut down or feed back signals. The PH aX^^KSs raw 
digital data received from the A— D converter on the PH channel 
and converts this data to standard PH units of measure. 

FIGURE 5 shows one possible configuration of the keyboard 
for the spa control panel. The overlay on the spa control panel 
contains lights and a series of push button switches which can be 
depressed to switch on the appropriate functions. Preferably, an 
audible tone alerts the user that the computer has received the 
signal sent by depressing the key. The jet button operates the 
high speed pump for the jet action in the spa. After the jet 
button is depressed, the system will shut off the pump if there 
is no flow in the system after three seconds of operation. The 
user is notified of the malfunction by an error message shown on 
the display. In a preferred embodiment, the low speed pump 
automatically is operated when the heater is activated. By 
pressing the jet button, the high speed overrides the low pump. 
The heater is still operable but the heating efficiency decreases 
because the water is moving faster over the heating element. 

The turbo button operate the blower motor for the bubbling 
action in the spa. The light button operates any lights 
installed in the spa. The up arrow button is used in conjunction 
with the set time, set temperature, set ready and filter buttons. 
The purpose of the up arrow button is to increment data that is 
presented on the display. The down arrow button is used in 
conjunction with these same buttons to decrement data that is 
presented on the display. The clock button is used to set the 
current time of day and is activated by pushing the button. The 
desired time can then be set by activating the up arrow button or 
the down arrow button. The set temperature button can be used to 



7 cs 

f 



control the temperature value for the thermostat in the 
controller. To set the temperature, the set temperature button 
is depressed and .the current setting for the thermostat will be 
shown on the display. The up arrow button or the down arrow 
button can be used to increase or decrease the temperature 
setting as desired. When the desired value is shown on the 
display, the set temperature button is depressed and the system 
will revert to the normal scroll in display. The ranges on the 
temperature setting may range from 40 to 104 degrees fahrenheit. 

The system programmer button is used to preset the time and 
temperature that is desired by the user. The controller 
calculates the proper time to initiate heating based on the 
present temperature of the water, and the stored data on the rate 
of heating for the particular spa. Each time that the spa is 
heated, the controller monitors the rate of change in the water 
temperature and stores this information in the internal memory. 
This data is then used to calculate the heating time. 

To operate the set ready mode, the set ready button is 
depressed and the set ready light and the hours light digits are 
eliminated. The hours are set by using the up button and down 
button arrow. When the hours are correct, the set ready button 
is depressed and the minutes digits will flash. The minutes data 
are set by using the up button and down button arrow. When the 
minutes data is correct, the set ready button is depressed and 
the current thermostat setting is displayed. The up button or 
down button arrow is pressed to select the proper temperature. 
The set ^ready button is then depressed again and "on" or "off" 
will flash on the display screen. This indicates that the 
feature is enabled. The set ready button is again depressed and 
the system is activated. When it is time to begin the heating 
cycle, the system program LED flashing to indicate that the 
feature is active. 

When the spa is heated to the proper temperature, the 
programmed thermostat setting becomes the current thermostat 
setting and the system will continue normal operation. 
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If enough time is not allocated for the spa to reach the 
ired temperature, and time runs out before the heating process 
is normally completed, the programmed thermostat setting will 
become the current thermostat setting and the system will 
continue normal operation. 

The filtering button allows the user to select the time for 
circulating the water in the spa for normal maintainance. To 
operate, the filter button is depressed and the hours digits and 
the filter light will be eliminated. The up button and down 
button hours are operated to select the hour, and the filter 
button is depressed to set the new running time. The data is 
loaded into memory, the filter light will turn off and the 
display will return to the normal scroll in operation. When the 
filter functions active, the LED will flash. 

The heating light is eliminated when the heating element is 
being activated. If the heating element is activated and the 
temperature of the water is not increasing, then an arrow message 
will, be displayed. The LED will flash when the heater is in the 
warm-up or a cool-down cycle. 

The system may be diagnosed by operating a switch in the 
system innerconnec tion panel to place the keyboard in display in 
the diagnostics mode. By pressing the jet button, the total 
number of hours of operation on the pump will be displayed. 
Pressing the arrow button will show the total hours of operation 
on the blower motor. Pressing the set temp button will display 
the total hours of operation on the heater and will eliminate the 
set temp^light. Pressing the time button will display the total 
hours the system was in an over temp state, designated as greater 
than 104 degrees fahrenheit in the preferred embodiment pressing 
any other button will eliminate the light associated with that 
button. Pressing the up arrow button or the down arrow button 
will eliminate all lights on the panel and will turn on all 
segments of the display along with the colon and the a.m. and 
•p.m. indicators. The normal operation of the system is disabled 
when the maintenance switch is on. 
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The system may display error codes which show potential 
problems within the system. Typical error codes which may be 
displayed might include information showing that the heating was 
not heating, .the pump was not operating, there was insufficient 
time to heat the spa to the desired temperature, there was no 
water flow in the system, or there was failure in the computer. 

The embodiments shown above are merely illustrative of the 
present invention. Many other examples of the embodiments set 
forth above and other modifications to the spa control system may 
be made without departing from the scope of this invention. It 
is understood that the details shown herein are to be interpreted 
as illustrative and not in a limiting sense. 
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CLAIMS 



WHAT IS CLAIMED IS: 

1. A spa control system comprising a control panel, output 
components, and a heating element which heats the water in 
the spa, and further comprising: 

a solid state sensor for detecting the temperature of water 
in the spa ; 

a solid state sensor for detecting the temperature of the ^ 
heating element; and 

a microcomputer for processing the signals from said sensors 
to calculate the temperature of the water and the 
heating element so that the heating element controls 
the temperature of the water within a prescribed range. 

2. A system as described in Claim 1, further comprising at Traic 
which drives at least one output component of the spa 
control system. 

3. A system as described in Claim 1, further comprising an 
Opto-Isolator connected between the control panel and the 
Traics for electrically isolating the control system from 
the main power supply. 

4. A spa control system for detecting the malfunction of 
components within the system, comprising: 

a display; 

a pump ; 
^ a heating element; 

a system interconnection panel which is connected to 
said pump and said heater; and 

a microcomputer within said system interconnection 

panel for detecting the malfunction of said pump 
or said heating element and for generating a 
signal which illuminates said display to slow the 



malfunction of the component. 
A spa control system for controlling the temperature of 
water in the spa, comprising: 
a heating element for heating the water; 

a solid state sensor for detecting the temperature of 
the water; 

a solid state sensor for detecting the temperature of 

said heating element; 
a microcomputer for processing signals generated by 

said sensors to compute the temperature of the 
water and of said heating element, wherein said 
microcomputer activates and deactivates said 
heating element to control the temperature of said 
water within a. selected range. 
A spa control system as described in Claim 5, wherein said 

microcomputer activates said heating element to heat 
the water to a selected temperature without heating the 
water above the selected temperature. 
A spa control system as described in Claim 5, wherein said 

microcomputer calculates the rate of heating of the 
water and said heating element, and activates and 
deactivates said heating element to heat the water to a 
selected temperature. 
A spa control system for controlling the temperature of 
water in a spa, comprising: 

a system interconnection panel containing a 

microcomputer and being connected to a power 
supply; 

a control panel connected to said system 

interconnection panel; 
a heating element connected to said system 

interconnection panel; and 
a pump for circulating water over said heating element. 
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A spa control system as described in Claim 8, further 

comprising a heat sink adjacent said water for 
transferring heat from said system interconnection 
panel to said water. 

A spa control system as described in Claim 8, further 

comprising a display in said control panel for slowing 
certain characters calculated by said microcomputer. 

A spa control system as described in Claim 10, wherein said 
display slows a character sent by said microcomputer 
which identifies a malfunction of said spa control 
system . 

A spa control system as described in Claim 10, wherein said 
display indicates the operation time of selected 
components of the spa control system. 
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ABSTRACT 



An 



improved 



spa 



control 



system 



is 



disclosed . 



The 



improvements may be made individually or in conjunction with any 
combination of all of the other improvements of the present 
invention. The invention describes a spa control system which 



calculates the rate of heating of the heater and of the water in 
the spa to control the operation of the heating element. The 
system uses a innerconnection panel to link a control panel to 
the power supply and to the operative components of the system. 
The unique connection of the control panel to the innerconnection 
panel permits the control panel to be located adjacent to the 
spa . 
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APPEAL BRIEF 

Commissioner of Patents & Trademarks Date: February 5 iggn 

Washington, D.C. 20231 File: sS-^-of ' 

On September 29, 1989, Appelant mailed his Notice of Appeal 
which was received by the Office on October 3, 1989. This was an 
appeal from the final rejection of claims 1-12, all of the claims 
examined in this case. Appellants further requested two, one 
mc^th extensions of time. What follows is Appellant's appeal 
brief as required by 37 C.F.R. §1.192 (a). 

Status o f Claims 
The claims of Appellant, numbering 1 through 12 and set 
forth in the Appendix hereto, are pending, having, been rejected 
by a Final Office Action dated March 29, 1989. 

Status of .A mendments 
Subsequent to the above- .-sferenced Final Office Action, 
Appellant filed a Response date,, September 29, 1989, introducing 
testimony of the undersigned, an individual skilled in the art of 
real time computer control systems. The examiner responded with 
an Advisory Action dated October 24. 1989. In the Advisory Ac- 
tion, the examiner apparently entered the Response. 

S»a ry of t he Invention 
The invention relates to a particular control system for 
controlling a spa, utilizing real time process control computers. 
More specifically, it relates to improvements to spa control 
systems to adapt their control in response to the environment of 
the spa. Typically, spa control systems contain heating ele- 
ments, controls, switches, and wiring harnesses which deteriorate 
when exposed to moisture or extreme levels of humidity. 
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The accuracy of the temperature of the spa water is essen- 
tial to the safety and comfort of the spa user. This temperature 
is difficult to accurately control, since the temperature of the 
water can vary rapidly depending on the number of spa users, the 
ambient temperature of the air, and other environmental factors. 
To conserve energy, the spa temperature is customarily raised to 
the desired level shortly before the expected use of the spa, and 
is not maintained at a constant temperature when the spa is unat- 
tended. Typically, a spa con rol system merely heats the water 
with a heating element until the temperature of the water and 
that temperature matches a predetermined setting selected by the 
spa user. Since the heating element is not turned off until that 
desired water temperature is reached, the residual heat in the 
heating element may increase the temperature of the water beyond 
the actual temperature desired. Conversely, the location of the 
temperature sensor may be located in the spa in such a fashion 
that it does not sense the actual, median water temperature. 
Accordingly, the heating element may be turned off before the 
temperature of the water reaches the desired level. 

The present invention provides for a spa control system 
generally comprising a heatin- element, a sensor for detecting 
the temperature of the water, and a microcomputer for processing 
signals generated by said senior and for activating and deacti- 
vating the heating element. In one embodiment of the invention, 
the microcomputer assesses the time necessary to heat water from 
an initial temperature to a selected temperature. From this 
information, the heating rate of the water can be calculated. 
The heating rate can be stored by the microcomputer and can be 
used to determine the start time necessary to heat the spa water 
from an initial temperature to a selected temperature by a de- 
sired time. In another embodiment of the invention, the tem- 
perature difference between two sensors in the spa system can be 
monitored to detect problems in the system. (Page 2, 

lines 19-31 . ) ' [ 
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The system generally comprises a specialized spa control 
panel for data display and input which is connected to a system 
innerconnection panel for signal distribution. The system 
innerconnection panel is also connected to power input, to vari- 
ous sensors which detect parameters, such a temperature and pH of 
the water, and also the mechanical and electrical components of 
the spa, such as the pump, heater, blower, and lights. (Page 34, 
lines 23-28 . ) 

The microcomputer may be of any sort and is preferably an 
8-bit control device with an 8-bit data bus. Its function is to 
execute instructions, control processes, make logical decisions 
and compute values. The microcomputer reads instructions from 
the EPROM memory and then executes the appropriate actions. 
(Page 4, lines 7-14.) 

The Random Access Memory (RAM) is a memory device which 
stores temporary information while the information is being pro- 
cessed by the microcomputer. The RAM only reads and writes data, 
and can hold data for future reference even after the main power 
is turned off. The RAM stores data such as the number of hours 
on the heater, the number of times that the temperature of the 
spa exceeds the pre-selected temperature, and other information. 

The Real Time Clock ( RTC ) shows the proper time of day which 
is calculated after the time and date is initially set. The 
microcomputer uses this information to schedule events concerning 
the operation of the spa, such as when the spa is turned on, when 
the water is circulated, and other events. The RTC is backed 
with a battery or other well-known device (not shown) so that it 
maintains the accurate time when the main power supply is turned 
off. (Page 4, lines 18-32 . ) 

The Digital Inputs monitor on-off, switch type data from 
external devices. Each field digital input is optically isolated 
and surge protected to prevent external high voltage, ambient 
electrical voltages from entering the main components of the 
microcomputer. The Digital Outputs drive the external spa 



devices, such as the blower, heater, pump and other auxiliary de- 
vices. The low voltage signals are optically isolated and then 
drive a TRIAC device which provides the high voltage and high 
current required by the external devices. 

The Analog Input converter converts information from various 
sensors into digital information so that the data can be read by 
the microcomputer. The converter translates the analog informa- 
tion into digital information through dual slope integration 
which permits fast and accurate conversion. The signals from 
external probes and sensors are conditioned by amplifying, fil- 
tering, or conditioning the signals so that the A-D converter can 
make an accurate conversion. The Signal Conditioning section 
provides transient and surge protection to reduce normal and 
common noise. (Page 5, lines 16-33.) 

For the software, as with the basic, nonspecialized computer 
hardware, there are many standard routines known to those skilled 
in the art, and certain specialized programs. Generally, the 
keyboard monitor routine scans the keyboard and is triggered by 
the operation of a key. The key signal from a digital input is 
then decoded and the main program is triggered to initiate a 
series of programmed events. The program ignores multiple key 
depressions and erroneous entries and operates only upon the 
signal generated from a proper key entry. The display control 
program converts, data from the RAM memory to readable messages 
which can be shown on the display. The display control handles 
the timing of the signals so that the display performs in an 
efficient and proper manner. (Page 6, line 34 through page 7, 
line 8 . ) 

The Analog Conversion Program manipulates the converter 
circuitry to convert analog input signals from sensors to digital 
information. This program also converts the digital information 
to engineering units for the purposes of display and comparison. 
The RTC control program controls all interaction with the Real 
Time Clock. The program is responsible for loading data for 
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future events. The PID Control stands for proportional, integral 
and derivative control. This program performs the closed loop 
control on the heating elements. The program monitors the tem- 
perature of the water and determines when the heater should be 
engaged. The program issues a command which activates the heater 
and then monitors the temperature to determine when the heater 
should be turned off. Unlike the above listed programs, this 
program is unique in that it monitors the rate decrease and the 
rate of increase of the water temperature so that the final tem- 
perature of the water is not higher or lower than the selected 
temperature. The spa control system can achieve an accuracy of 
plus or minus one degree Fahrenheit with the heating and monitor- 
ing elements, (Page 7, lines 17-34) which do not require multiple 
temperature sensors nor any flow sensors for system operation, 
thereby lowering costs. 

The output control program issues commands to the output 
components to turn on the TRIACS for control of the pump, heater, 
blower, lights and other components. The input scanning program 
monitors devices such as push buttons and switches. (Page 8, 
lines 1-4 . ) 

When the system is powered up, the system is reset by system 
initialization, which enables certain events and calls the main 
program. Certain interrupts such as the timer interrupt and the 
power fail interrupt are enabled. The power up reset generally 
clears all RAM, turns off control outputs, initializes the real 
time clock and the keyboard scunner, tests the NOVRAM image for 
validity, .and tests EPROM memory. (Page 9, lines 14-20.) 

The controller calculates the proper time to initiate heat- 
ing based on the present temperature of the water, and the stored 
data on the rate of heating for the particular spa. Each time 
that the spa is heated, the controller monitors the rate of 
change in the water temperature and stores this information in 
the internal memory. This data is then used to calculate the 
heating time. (Page 9, lines 21-29.) 



The microcomputer processes the signals generated by the two 
temperature sensors located on either side of the heating element 
and calculates the difference in temperature between the values 
detected by the sensors. If the difference exceeds a selected 
amount, a warning on a digital display, or other warning such as 
an audible sound, ' can be generated to warn the user of a malfunc- 
tion in the spa. 

In addition, the microprocessor can calculate the rate of 
heating detected by either sensor to determine whether there may 
be fluid blockage in the spa system without the need of a flow 
sensor. This calculation can be performed by dividing the change 
in temperature by the change in time to compute the rate of heat- 
ing. For example, if there is a fluid blockage in the system, 
the spa water surrounding the heating element may rapidly over- 
heat to create a "hot spot" in the spa system. If the tempera- 
ture of the water does not increase, there may be a malfunction 
in the heating element. If am error is detected which signifies 
that the spa system is not properly working, the microprocessor 
can deactivate the heating element to prevent overheating of the 
components of the spa system. The rate of heating can also be 
monitored to ensure that scalding water is not unexpectedly cir- 
culated in contact with the spa user. 

The temperature of the water can be maintained within a 
selected temperature range or hysteresis when the spa is unat- 
tended. For this scheduled heating function, one start time is 
set, the high and low temperature limits are set, and the func- 
tion is enabled. For example, the operator might select a lower 
temperature range in the intere t of conserving energy. A lower 
temperature range would also re iuce the number of times that the 
spa system would cycle on and off to maintain the desired temper- 
ature, since a lower water temperature is closer to the ambient 
temperature. Conversely, the operator can select a higher tem- 
perature range, closer to the desired temperature of the spa 
water, to minimize the time required to heat the spa water to the 



operating temperature. The ability to control the temperature of 
the water while the spa is unattended also yields other useful 
benefits. (Page 12, line 4 through page 13, line 12.) 

The water can be monitored to calculate the estimated time 
necessary to raise the water temperature to a desired level and 
to detect certain failure in the spa system. For example,' a 
sudden increase in the water '.mperature at a specific point in 
the spa system may signal that there is a loss of water circula- 
tion. If a sensor detects a heating rate which exceeds a select- 
ed rate, a warning light may be illuminated, or the heating ele- 
ment or the entire spa system may be deactivated to prevent dele- 
terious heating of the spa components. In addition, the rate of 
heating, together with the actual temperature reading and volume 
of water in the spa system, can be used to calculate the time 
required to heat the spa water to a desired temperature. This 
information can be stored in the microcomputer to assist in pre- 
dicting the time necessary to heat the spa water to the desired 
temperature, beginning with the .selected temperature of the water 
when the spa is unattended. (Page 13, line 19-35.) 

I ssues 

Whether the Office was incorrect in determining that the 
resent invention, which involves a spa control system which uses 
a standard real time microprocessor system in conjunction with 
specialized sensor selection and manipulators of the elements of 
the system based on determinations of the state of the system was 
unpatentable under 35 U.S.C. §112 as "vague and indefinite" be- 
cause disclosure of how the microcomputer would be properly pro- 
grammed to determine, for example, proper pH levels and the moni- 
toring of temperature. to determine when the heater element should 
be engaged, etc. was not given in the Office's opinion. 

Grouping of Claims 
There is only one ground of rejection, which applies to all 
the rejected claims. 
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Argument 

In each Office Action, dated May 26, 1988 and March 29. 
1989, the Office rejected the specification and claims 1-12 under 
35 U.S.C. §112 as unpatentable. Both Actions suggest that there 
is an insufficient specification to permit someone skilled in the 
art without undue experimentation to perform the claimed inven- 
tion, including converting raw signals to pH and temperature and 
comparing those values to _ ,-eset limits to determine alarm 
states, as well as calculate and update rates of change and com- 
pare those to preset limits and output values. Appellant re- 
spectfully submits, however, that the specification and each of 
the claims at issue are such that the invention as a whole could 
be practiced by one skilled in the art with reasonable experimen- 
tation, mainly debugging. Claims 1-12 and the specification are 
believed to be allowable, and therefore the rejections of the 
specification and Claim 1-12 should be reversed. 

The undersigned, in the final "Response", mailed Septem- 
ber 29, 1989 to the United States Patent & Trademark Office, 
identified himself as one skilled in the art for this particular 
patent application. The undersigned has a bachelor's degree and 
a master's degree in control systems engineering from Washington 
University in St. Louis and worked for several years applying 
real time computer based control systems to chemical, and petro- 
chemical and other processes, including both continuous and batch 
systems, all of which were more complex than a spa control sys- 
tem. The undersigned designed, installed and programmed and 
aided in the operation of these real time computer systems during 
the entire time while the undersigned was an engineer, including 
specifying sensors for these systems and the location of such 
sensors, wiring of those sensors into interface panels, calibrat- 
ing the sensors, specifying the computer systems, both as to 
physical capability and programming capability, supervising the 
programming of such systems, and specifying the exact programs 
based on relatively loose functional requirements, designing 
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interface panels for operator usage, implementing and testing 
completed systems, diagnosing systems, including hardware and 
software. and operating processes using these real time process 
control computer systems. For the most part these were not mi- 
croprocessor based control systems, hut much larger scale comput- 
ers which had features in common with the microprocessor based 
control systems currently available in real time applications, 
for which the undersigned is also familiar, having clients who 
use such systems and describe such systems to the undersigned 
during the time while the unde signed has been an attorney for 
such clients. 

The undersigned apologizes for the length of the description 
in this case, but some amount of detail needed to be appreciated 
as to what was said in the specification to emphasize the lack of 
need for further description in order to determine for one 
skilled in the art if there was sufficient disclosure to imple- 
ment a control system described in the specification and as set 
out in the claims without undue experimentation. 

To the undersigned, the first thing that needs to be speci- 
fied in order to purchase the microprocessor is the list of in- 
puts and outputs, both digital and analog, and the type of memory 
that would be needed. All this is contained in the above speci- 
fication. Indeed, not all of it need to have been contained in 
this specification in order to enable one skilled in the art to 
still have purchased the appropriate microprocessor control sys- 
tem knowing the type of operation in which it would be operating. 
All this is^ common to any real time computer system of the knowl- 
edge of the undersigned, and anyone skilled in the art would know 
how to properly configure such a system generally, including the 
undersigned, since at least the 1960's. 

The general principles for hardware interface of the various 
components to the computer are also well known in the art since 
the 1960 's based on the experience of the undersigned. For other 
devices that are capable if properly programmed of accomplishing 
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the general purposes of process control using a rea l time 
microprocessor based computer based control system, the Office 
should note that there are many brands available in the prior 
art, such as the P-lOO and P-200 control systems of 
Powell-Process Systems, Inc. which were manufactured at least 
eight (8) years ago. These microprocessor based control systems 
have all of the features described above, except the particular 
control system and except for the particular interface panel and 
the particular control panel described in Appellant's application 
and the recognition of what sensors and controls were needed. 

Accordingly, to run the programs would have been a matter of 
programming the special programs specifically described in the 
application into this already operating device. The fact that 
Appellant more generally shows a microcomputer because the pre- 
ferred embodiment of Appellant is a less expensive way of commer- 
cially producing the unit than to buy an off the shelf unit al- 
ready more generally programmed for which configuration of the 
general program to the specific control scheme would be neces- 
sary, is a commercial issue, not an issue of what is known to one 
skilled in the art. 

Real time clocks are normally used with microcomputers in 
order for the computer programming ("real time monitor"), which 
is well known in the art, to keep track of date and time and 
intervals of time for turning on various programs. Real time 
monitors to turn on programs (whether interrupt driven through 
the real time clock or activated by digital scanning of the input 
from the ^eal time clock) are also well known in the prior art to 
the knowledge of the undersigned. Accordingly, there is really 
no experimentation whether undue or not that is needed in order 
to obtain a real time computer executive system driven by a real 
time clock where the executive system includes a real time moni- 
tor and a scheduler to operate other programs. There is also 
really no undue experimentation to include a control program that 
includes a proportional/integral/derivative control scheme, and 
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an output control program, and an input scanning program, and 
programs for taking raw digitized analog data and converting such 
data to appropriate units based on well known formulas for pH and 
temperature inputs' (depending on the kind of thermocouple or 
other temperature measuring device) . 

It is also possible without any experimentation for such a 
main program to scan or use an interruption from the operator's 
console to detect changes in state from the last input state of 
the console. Because the real time clock operates so much faster 
than a human being can react, this scanning is readily available. 

No description of any of this common knowledge to those 
skilled in the art is needed to overburden a patent application 
and the expense of preparing one for anyone of ordinary skill in 
the art, even as early as the 1960's, much less the end of the 
1980- s. What is important is the sensors (temperatures), the end 
control device (heating element) and a brief functional descrip- 
tion of how the calculations are made in the programs triggered 
by the main program. 

The Office does not appear to be contesting that the part of 
the specification dealing with the specific unique features of 
the real time process control computer system of Applicant's 
invention do not have sufficient detail, which is the only p .rf. 
of the specification not old in the art and which is the part of 



the specification 



neces sary to understand the progress made in 



the art by Applicant's invention, f o r those skilled in the art to 
implement the invention . 

The Office rests its position on the words "without any 
description of the precise operations to be performed by micro- 
computer". This statement says one of three things. The first 
is to say that one should repeat everything that is in the prior 
art; i.e. to present a blue print of how to manufacture a product 
old in the art which is not required under the patent statute. 
Another position that is possible to interpret from this is that 
somehow the Office believes that the applicant must show the 
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precise code rather than describe the control system to generate 
that code in order- to fully disclose what the programs are. 
Appellant submits that such a description is not required by 
those skilled in the art, nor is it required by the Office. Any 
programmer (and Appellant's undersigned attorney was such a pro- 
grammer as part of his job faction on occasion) can utilize a 
description of a program to produce a properly operating program 
without undue experimentation once the principles of the control 
scheme are disclosed to the programmer. The important thing is 
that the programs operate in aj real time environment, manipulat- 
ing real equipment to cause real time process control, which can 
be adequately described from a functional, not programming, de- 
scription of the programs without undue experimentation. 

It is not important to know what code to use if i n fact the 
one skilled in the art has a different computer system. In fact, 
if one were to disclose actual- codes or detailed flow diagrams 
for one computer system instead. of the functional specifications 
of the programs, this would le ' i away from the invention because 
if one of ordinary skill in the ' art were not using that computer, 
then one skilled in the art would first have to learn the old 
code or structure, interrupt it, and then the new code would be 
prepared rather than just using the functional specifications of 
the programs to prepare the new code. 

It may also be possible that the Office is saying that tech- 
niques were not known in the prior art for converting the read- 
ings of a pH level device or a thermocouple or other temperature 
device or.to calculate a rate of change or to recalculate batch 
reaction or heating times and when to perform these. This is not 
true of the undersigned's own knowledge and experience. 

The key is to know which temperature changes and which tem- 
peratures are to be used for such calculations and generally how 
such a calculation is to take place to enable one skilled in the 
art to make such a calculation. 



Further, it may also be possible from the words used by the 
Office, "or to coordinate the other system components and the 
proper time sequence to perform the functions disclosed and 
claimed" that the Office is saying that those skilled in the art 
would not know how to configure a real time process computer 
system to repetitively scan the temperature to then make the 
determination set out in the program. This is also not correct. 

Scanning by times or by fixed or variable intervals of vari- 
ables by a real time clock d.Lven microcomputer control system 
are well known in the prior a,t based on the undersigned's own 
knowledge. See the P-lOO and P-200 computers. As the under- 
signed has stated as one skilled in the art, those are readily 
known factors that anyone skilled in the art of real time process 
control would not doubt as to how to perform without undue exper- 
imentation in order to scan the temperatures in order to make the 
test and reaction fully described in the application. 

As set out above, the key is the elements to be used in the 
control system. As set out in claim 1, and in the specification, 
the two sensors on either side of the heating element are unique, 
permitting the prediction of freezing, as well as prediction of 
changes in characteristics of ;he spa through determination of 
time per degree temperature rise for heating using the heating 
element which can be used adaptively by substituting in those 
times in the next calculation for when to turn on the heating 
element in order to bring the spa to a given temperature at a 
given time from a measured starting temperature. It is also a 
fairly eas^ calculation to determine the difference between the 
temperature of two places across the heating element to calculate 
if that difference is excessive or to monitor one temperature to 
detect failures to rise quickly, thereby indicating a heating 
element that is not operating properly. The key is that by doing 
this, one ordinarily skilled in .the art would recognize there is 
no need for a flow indicator. Further, to calculate change in 
temperature of a single heating element over a period of time is 
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not difficult and is described in the specification as a 
differencing of that temperature at two different times, and is 
adjustable as to a time interval without undue experimentation 
with the actual spas involved and dividing it by the time inter- 
val. Most of the alarms are set on an adjustable basis from a 
particular spas involved. The need for flexibility and inputting 
this data is recognized in the specification. 

A "patent application need not include in the specification 
that which is already known to and available to the public". 

Paperless Accounting, Inc. v. Bay Area Rapid Transit System . 

804 F.2d 659, 664 (Fed. Cir. 1986); In re Horwarth . 654 F.2d 103 , 
105 (CCPA 1981); In re Lange, 644 F.2d 856, 863 (CCPA 1981). One 
does not have to include the detailed drawings on how to make a 
computer system in order to assert the use of a computer system 
or to describe certain components to be used in that computer 
system. Christi anson v. Colt Industries Operating Corp . 822 F.2d 
1544, 1561 (Fed. Cir. 1987). To describe the design of computer 
system for patents dealing with parts would be an impossible 
undertaking to expect of an applicant. Christianson v. Colt 
Industries Operating Corp. . supra . 

The legal requirement that a disclosure be enabling is set 
forth in the first paragraph of 35 U.S.C. §112: "The specifica- 
tion shall contain a written description of the invention, and of 
the manner and process of making and using it, in such full, 
clear, concise and exact terms as to enable any person skilled in 
the art to which it pertains or with which it is most nearly 
connected ^to make and use the same...". Patents are not produc- 
tion documents. Christianson v. Colt Industries Operating Corp. . 
su P ra at 1562. The ultimate issue is whether or not the inven- 
tion claimed in the application can be practiced with dimensions, 
tolerances and production drawings by those skilled in the art to 
practice the claimed invention, Christianson v. Colt Industries 
Operating Corp. , supra. See also Lindemann Maschinenf abrik v. 
American Hoist and Derrick Co. 730 F.2d 1452, 1463 (Fed. Cir. 



1984) and Raytheon Co. v. Roper Corp. . 724 F.2d 951, 956 (Fed. 

Cir. 1983). As set out above, Appellant has set out what is 

necessary for one skilled in the art to practice the invention. 

indeed, a mechanical engineer or any control systems engineer 
even without knowledge of real time computer systems but with the 
ability to understand what Appellant has set out in his applica- 
tion would have no problem configuring a control system by just 
asking those persons skilled in the real time computer system art 
what to properly use (even if there weren't people both skilled 
in the real time computer system art and in control systems for 
mechanical devices). Ra ndomex . Inc. v. s^ opus Corp. . Q4 9 F.2d 
585, 589 (Fed. Cir. 1988). 

Conclusion 

Appellant's invention is a unique combination of elements 
resulting in a much needed means of reducing cost for operation 
and maintenance of spas by unique control systems. These systems 
were disclosed sufficiently to enable one skilled in the art to 
practice these inventions. The Office's rejection of Appellant's 
claims lacks any factual basis and is at best founded on an im- 
proper ignoring of what those skilled in the art stated. The 
Office did not give any useful specific guidance on how the ap- 
plication was deficient so that specific details known in the art 
might have been added but: spoke only in generalities. For this 
and all the foregoing reasons, the Office's rejection of the 
specification and claims 1-12 were erroneous and should be re- 



versed . 
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Please charge any additional charges with respect to this 
appeal, including any charges necessary for this brief to be 
deemed timely filed for which Appellant hereby petitions, to the 
deposit account number 15-0697 of David Ostfeld, P.C. 



Respectfully submitted, 



David M . Ostfeld 
Reg. No. 27,827 

Chamberlain, Hrdlicka, White, 

Johnson & Williams 

1400 Citicorp Center 

1200 Smith Street 

Houston, Texas 77002 

(713) 658-1818 
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APPENDIX 

Hie claims an appeal are as follows: 

1. A spa control system comprising a control panel, output 
components, and a heating element which heats the water in 
the spa, and further cornpr ising : 

a solid state sensor for detecting the temperature of water 
in the spa; 

a solid state sensor fox* detecting the temperature of the ^ 
heating element? and 

a microcomputer for processing the signals from said sensors 
to calculate the temperature of the water and the 
heating element so that the heating element controls 
the temperature of the water within a prescribed range. 

2. A system as described in Claim 1, further comprising ai' Traic 
which drives at least one output component of the spa 
control system. 

3. A system as described in Claim 1, further comprising an 
Opto-Isolator connected between the control panel and the 
Traics for electrically isolating the control system from 
the main power supply. 

4. A spa control system for detecting the malfunction of 
components within the system, comprising: 

a display; 
a pump ? 
< a heating element; 

a system interconnection panel which is connected to 

said pump and said heater; and 
a microcomputer within said system interconnection 

panel for detecting the malfunction of said pump 
v or said heating element and for generating a 

signal which illuminates said display to slow the 
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malfunction of the component. 
A spa control system for controlling the temperature of 
water in the spa, comprising: 
a heating element for heating the water; 

a solid state sensor for detecting the temperature of 
the water; 

a solid state sensor for detecting the temperature of 

said heating element; 
a microcomputer for processing signals generated by 

said sensors to compute the temperature of the 
water and of said heating element, wherein said 
microcomputer activates and deactivates said 
heating element to control the temperature of said 
water within a selected range. 
A spa control system as described in Claim 5, wherein said 

microcomputer activates said heating element to heat 
the water to a selected temperature without heating the 
water above the selected temperature. 
A spa control system as described in Claim 5, wherein said 

microcomputer calculates the rate of heating of the 
water and said heating element, and activates and 
deactivates said heating element to heat the water to a 
selected temperature. 
A spa control system for controlling the temperature of 
water in a spa, comprising: 

a system interconnection panel containing a 
"* microcomputer and being connected to a power 

supply; 

a control panel connected to said system 

interconnection panel; 
a heating element connected to said system 

interconnection panel; and 
a pump for circulating water over said heating element. 



9 . A spa control system as described in Claim 8 , further 

comprising a heat sink adjacent said water for 
transferring heat from said system interconnection 
panel to said water. 

10. A spa control system as ^described in Claim 8, further 

comprising a display in said control panel for slowing 
certain characters calculated by said microcomputer. 

11. A spa control system as described in Claim 10 r wherein said 

display slows a character sent by said microcomputer 
which identifies a malfunction of said spa control 
system . 

12. A spa control system as described in Claim 10, wherein said 

display indicates the operation time of selected 
components of the spa control system. 
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GROUP 2300 
Paper No. 17 



DAVID M. OSTFELD 
For Appellant 



EXAMINER'S ANSWER 



This is in response to appellant's brief on appeal filed Feb. 
8, 1990. 

(1) Status of claims. 

The statement of the status of claims contained in the brief 
is correct. 

(2) Status of Amendments After Final. 

The appellant's statement of the status of amendments after 
final rejection contained in the brief is correct. 

(3) Summary of invention. 

The summary of invention contained in the brief is deficient 
because Appellant does not give a concise explanation of the 
invention as defined in the claims, does not refer to the 



• • 

specification by page and line number or to the drawings by 
reference to- characters. 

The following is a concise explanation of the invention: 
The present invention provides for a spa control system 
generally comprising a heating element, a sensor for detecting the 
temperature of the water, and a microcomputer for processing 
signals generated by said sensor and for activating and 
deactivating the heating element. In one embodiment of the 
invention, the microcomputer assesses the time necessary to heat 
water from an initial temperature to a selected temperature. From 
this information, the heating rate of the water can be calculated. 
The heating rate can be stored by the microcomputer and can be used 
to determine the start time necessary to heat the spa water from an 
initial temperature to a selected temperature by a desired time. 
In another embodiment of the invention, the temperature difference 
between two sensors in the spa system can be monitored to detect 
problems in the system. (Page 2, lines 19-31). 

(4) Issues. 

The appellant's statement of the issues in the brief is 
substantially correct. The changes are as follows: The issue is 
whether or not one of ordinary skill in the art of regulating a spa 
would be able to make and use the invention given the Appellant's 
Specification. 

(5) Grouping of claims. 

The rejection of claims 1-12 stand or fall together because 
appellant's brief does not include a statement that this grouping 
of claims does not stand or fall together. See 37 C.F.R. 
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Art Unit 2314 

§ 1.192(c) (5) . 

(6) Claims appealed. 

The copy of the appealed claims contained in the Appendix to 
the brief is correct. 

(7) Prior Art of record. 

No prior art are relied upon by the examiner in the rejection 
of claims under appeal. 

(8) New prior art. 

No new prior art has been applied in this examiner's answer. 

(9) Grounds of rejection . 

The following ground(s) of rejection are applicable- to the 
appealed claims. 

The following is a quotation of the first paragraph of 35 
U.S.C. § 112: 

The specification shall contain a written descriptiom of the 
invention, and of the manner and process of making amd using 
it, in such full, clear, concise, and exact terms as t© enable 
any person skilled in the art to which it pertains, or with 
which it is mostly nearly connected, to make and use tthe same 
and shall set forth the best mode contemplated by the inventor 
of carrying out his invention. 

The specification is objected to under 35 U.S.C. § 112,, first 
paragraph, as failing to adequately teach how to make and uise the 
claimed invention. 

To comply with the ennoblement clause of the first paragraph 
of 35 U.S.C. 112, the disclosure must adequately describe the 
claimed invention so that the artisan could practice it without 
undue experimentation. In re Scarbrouah . 500 F.2d 560, U82 USPQ 
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298 (CCPA 1974); In re Brandstadter , 484 F.2d 1395, 179 USPQ 286 
(CCPA 1973); In re Gay. 50 CCPA 725, 309 F.2d 769, 135 USPQ 311 
(1962) . If the examiner had a reasonable basis for questioning the 
sufficiency of the disclosure, the burden shifted to the Appellants 
to come forward with evidence to rebut this challenge. In__re 
DoyOe, 482 F.2d 985, 179 USPQ 237 (1973). The burden is placed 
initially upon the examiner to establish a reasonable basis for 
questioning the adequacy of the disclosure. In re Strahilevitz r 
668 F.2d 1229, 212 USPQ 561 (CCPA 1982); In re Anastadt r 537 F.2d 
676, 185 USPQ 152 (CCPA 1975). 

The specification is objected to under 35 USC 112 and Rule 71 
as being vague, indefinite and containing insufficient disclosure 
to support the appended claims. The statue imposes upon applicant 
for letter patent the responsibility of providing a written 
description of the invention in such a clear and exact terms as to 
enable one skilled in the art to make and use the invention. 

In a block diagram disclosure of a complex claimed system 
which includes a microcomputer and other system components 
controlled by the microcomputer, a mere reference to a prior art, 
commercially available microcomputer, without any description of 
the precise operations to be performed by the microcomputer, fails 
to disclose how such a microcomputer would be properly programmed 
to either perform any required calculation - in the present 
arrangement the determination of PH levels, and the monitoring of 
temperature to determine when the heater should be engaged, 
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diagnostic mode - or to coordinate the other system components in 
the proper time sequence to perform the functions disclosed and 
claimed. One of ordinary skill in the art would have to rely on 
undue experimentation to perform the claimed invention. 

It is noted that Appellant's claimed invention is a control 
system for control system for controlling a SPA by the use of a 
microcomputer or microcontroller; in another embodiment the claimed 
invention is a microcomputer for determining a malfunction 
condition and for generating a signal which illuminates the display 
to slow the malfunction; and, a microcomputer for activating and 
deactivating the heating elements. In essence Appellant's 
invention is an aptly programmed microcomputer which performs the 
function of controlling, diagnostic routines, and activating or 
deactivating. 

The controlling a spa, performing diagnostic, and deactivating 
or activating are functions which are quite known to those in the 
art, but only manually. For example, the patent to Hancock 
discloses a control panel. Hancock's figures 4 and 9 shows that 
the control panel is electrical-mechanical. The patent to Ramseur 
et al. shows another electrical-mechanical SPA controller which 
compares the temperature of the heater (column 2, line 58) and the 
temperature of the water (column 3, lines 4-7). The patent to 
Hatcher is a remote controller for controlling the temperature of 
the water in the spa. The patent to Raleigh et al. is a 
conventional electrical-mechanical system which in addition to 
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regulating the temperature of the water includes a safety circuit. 
The patent to Castleberry et al. is a thermostat control of the 
heating element with a limit switch for preventing over heating. 
The patent to Krumhansl appears to suggest the use of a controller 
other than electrical-mechanical for controlling the temperature of 
the water in the spa (see columns 5 and 6) . There is no suggestion 
in Krumhansl to substitute a microcomputer for a controller. The 
patent to Barrett, Sr. et al. is an electrical mechanical 
controller. The patent to Ramey which regulates the water 
temperature in a pool by the use of thermostats. Finally, the 
patent to Whitaker et al. concerns the controlling of a heat 
exchanger for providing hot water to a spa. 

Appellant's disclosure is deficient in that it fails to teach 
how those in the art can program the microcomputer to determine the 
PH level, monitor the temperature, control the operation of 
activating and deactivating at the required period, and the 
performing diagnostic routines. 

Appellant states the following concerning the programming of 
the computer: 

The Analog Conversion Program manipulates the converter 
circuitry to convert sensor input signals to digital 
information. This program also converts the digital 
information to engineering units for the purpose of display 
and comparison. The RTC control program controls all 
interaction with the Real Time Clock . The program is 
responsible for loading data for future events. The PID 
Control stands for proportional, integral and derivative. 
This program monitors the temperature of the water and 
determines when the heater should be engaged. The program 
issues a command which activates the heater and then monitors 
the temperature to determine when the heater should be turned 
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off. The program is unique that it monitors the rate decreasp 
and the rate o f increase of water temperature so that th P 
final te mperature of the water is not higher or lower than thP 
selecte d temperature . The spa control system can achieve an 
accuracy of plus or minus one degree fahrenheit with the 
heating and monitoring elements. 

The output control program issues commands to the output 
components to turn on the TRIACS for control of the pump. 
heater, blowe r, lights and other components . The input 
scanning program monitors devices such as push buttons and 
switches. The flow switch would be monitored by this program, 
as well as any other shut down or feed back signals. The PH 
algorithm converts raw digital data received from the A-D 
converter on the PH channel and converts this data to standard 
PH units of measure. (Cited with emphasis pages 6-7) . 

Appellant's disclosure enumerates all the function performed 
by the program (see emphasized section above) . Appellant has made 
no reference to known programs to perform all the above tasks. 
Appellant has not provided a flowchart nor has Appellant detailed 
the operations that should be taken by the programmer. Appellant 
simply heralds the virtues of this computer program and expects 
those in the art to fill in the gaps. The latitude of the gaps are 
simple too great to enable one of ordinary skill in the art to make 
and use the invention given the rudimentary knowledge of computers, 
if at all, on the spa art. 

The art of record reveals (a) the state of the prior art; and, 
(b) the relative skill in the prior art. As can be seen from the 
art of record there is support for performing temperature control 
in the spa art. The prior art does not, however, show a computer. 
The issue is not that a computer is not known in the art, but 
rather how one can program a computer to perform the above tasks. 
The art merely demonstrates a rudimentary knowledge of computers 
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(see patent to Krumhansi) . 

The skill of those in the art appears to be mainly in the 
electrical-mechanical area of controlling a spa. The patent to 
Kurmhansl indicate that knowledge of computers, microprocessors, or 
microcontrollers was nascent in 1986. The claimed invention 
represents an introduction to the computer age, and, as such, it is 
important for the application to increase the knowledge of those of 
ordinary skill in the art by supplying publication or patents 
which disclose these features or teach in detail these features 
(see In re Ghiron , 169 USPQ 723 (1971)). 

(10) New ground of rejection. 

This Examiner's Answer does not contain any new ground of 
rejection. 

(11) Response to argument. 

The procedure posture is that the Examiner has advanced a 
reasonable basis for questioning the adequacy of the disclosure and 
it was incumbent upon Applicant to rebut the challenge. See In re 
Doyle , 179 USPQ 237 (1973). 

The Examiner having met the initial burden the Appellant 
attempted to rebut the challenge by asserting that he could make 
and use the invention as disclosed. Thus, the ultimate issue to be 
discussed is whether or not Appellant's representative statements 

1 Appellant admitted in the communication filed on Nov. 30, 
1988 that "(w)hat is important is the algorithms being used in the 
microcomputer and how they operate." Appellant's statement is 
taken to mean that he too considers the computer program important 
to practice his invention. 
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can be used to rebut the challenge made by the Examiner that the 
invention is not adequately disclosed. 

Arguments by counsel may be effective in establishing that an 
Examiner has not properly met his burden or erred in his position. 
It is well settled, however, that argument of counsel alone cannot 
take place of evidence in the record once the Examiner has advanced 
a reasonable basis for questioning the disclosure. See in re 
Budnick f 190 USPQ 422 (CCPA 1976) . 

The record indicates that counsel has from the beginning 
argued that he has the necessary skills to make and use the 
invention as discussed. In the brief, Appellant makes the same 
arguments. Further, Appellant did not explicitly challenge the 
adequacy of the Examiner's basis, Appellant has only offered the 
opinion, standing alone, that he could make and use the invention 
as disclosed. The 35 USC section 112 should be sustained on this 
ground . 

For the above reasons, it is believed that the rejections 
should be sustained. 



Respectfully submitted, 
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uip W 

The Update In Progress (UIP) bit Is a status Hag that can be monitored. When the UIP bltjfi|f 
one, the update transfer will soon occur. When UIP Is a zero, the update transfer will not'of I 
cur for at least 244 us. The time, calendar, and alarm Information in RAM is fully avallabjej['| 
access when the UIP bit is zero. The UIP bit Is read only and is not affected by R 
Writing the SET bit in Register B to a "1" Inhibits any update transfer and clears the UlpB 
status bit. 

DVO, DV1.DV2 

These three bits are used to turn the oscillator on or off and to reset the countdown chain. A pai<l 
tern of 010 is the only combination of bits which will turn the oscillator on and allow the RTCtof 
keep time. A pattern of 1 1X will enable the oscillator but holds the countdown chain in reset! 
The next update will occur at 500 ms after a pattern of 010 Is written to DVO, DV1 and DV2flj 

RS3, RS2, RS1, RSO 

These four rate-selection bits select one of the 13 taps on the 15-stage divider or disable tbe]J 
divider output. The tap selected may be used to generate an output square wave (SQW pl 
and/or a periodic interrupt. The user may do one of the following: 

1. Enable the interrupt with the PIE bit; 

2. Enable the SOW output pin with the SQWE bit; 

3. Enable both at the same time and the same rate; or 

4. Enable neither. 

Table 1 lists the periodic Interrupt rates and the square wave freque ncies t hat may]) 
chosen with the RS bits. These four read/write bits are not affected by RESET, 



jllie Alarm Interrupt Enable (AIE) bit Is a read/write bit which when set to a one permits the 
IjUarm Flag (AF) bit in register C to assert IRQ. An alarm Interrupt occurs for each second that 
{(He three time bytes equal the three alarm bytes including a "don't care" alarmcode of binary 
IllXXXXXX. When the AIE bit Is set to zero, the AF bit does not Initiate 4he IRQ signal. The 
■RESET pin clears AIE to zero. The internal functions of the DS1287 do not affect the AIE bit. 



The Update Ended Interrupt Enable (UIE) bit i s a read/ write bit which enables the Update End 
Iflag (UF) bit in Register C to assert iEG. The RESET pin going low or the SET bit going high 
[clears the UIE bit. ] 



hen the Square Wave Enable (SQWE) bit is set to a one, a square wave signal at the Ire- J 
uency set by the rate-selection bits RS3 through RSO is driven out on the SQW pin. When I 
ie SQWE bit Is set to zero, the SQW pin is held low; the state of SQWE is cleared by the 
T pin. SQWE is a read/write bit. 



e Data Mode (DM) bit indicates whether time and calendar Information are In binary or 
D format. The DM bit is set by the program to the ap propriat e format and can be read as 
quired. This bit is not modified by internal functions or RESET. A one in DM signifies binary 
Ijata while a zero In DM specifies Binary Coded Decimal (BCD) data. 

4/12 

ie 24/12 control bit establishes the format of the hours byte. A one Indicates the 24-hour 
ode and a zero In dicates the 12-hour mode. This bit Is a read/write and is not affected by In- 
junctions or RESET. 
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BITS 
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SET 
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AIE 
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SQWE 


DM 


24/12 
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LSB . .$H^V ns Da y"9 ht Savln 9 s Enable < DSE ) blt ls a read/write bit which enables two special updates 
: ^^^*hen DSE is set to one. On the first Sunday in April the time Increments from 1:59:59 AM to 
JMMO AM. On the last Sunday In October when the time first reaches 1:59:59 AM It changes 
■to 1:00:00 AM, These special updates do not occur when the DSE bit is a zero. This bit Is not 
■affected by internal functions or RESET. 



-tSBbmterc 



SET 



When the SET bit is a zero, the update transfer functions normally by advancing the counts ,^ 
once per second, When the SET bit is written to a one, any update transfer is Inhibited and|' 
the program may Initialize the time and calendar bytes without an update occurring In tw' y 
midst of initializing. Read cycles can be executed In a similar manner. SET is a read/write bjl ■ 
which is not modified by KT or Internal functions of the DS1287. 



PIE 



The periodic Interrupt enable PIE bit Is a read/write bit which allows the Periodic Interruplgw 
Flag (PF) bit in Register C to cause the (R5 pin to be driven low. When the PIE bit Is set W is 
one, periodic Interrupts are generated by driving the IRQ pin low at a rate specified by 
RS3 through RSO bits of Register A. A zero in the PIE bit blocks the IRQ output from beWp 
driven by a periodic interrupt, but the Periodic Flag (PF) bit is still set at the periodic rate. Pit J;', 
is not modified by any internal DS1287 functions, but Is cleared to zero on RESET. 
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